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FOREWORD

The U.S. Army Medical Bioengineering Research and Developm..ent
Laboratory (USAMBRDL), Fort Detrick, Frederick, MD, has been conducting

a research program since 1973 for the purpose of developing the scien-
tific data base from which water quality criteria for compounds unique
to the munitions industry could be determined. A water quality criterion
(as defined by the amended Clean Water Act, 1977) is a qualitative orquantitative estimate of the concentration of a pollutant in ambient waters •'

that, when not exceeded, will ensure a water quality sufficient to protect
a specified water use. The criterion is a scientific entity based solely
on data and scientific judgment. It does not reflect considerations of
economic or technological feasibility. Currently, a water quality cri-
terion consists of two separate numerical limits, one for the protection
of human health and the other for the protection of aquatic organisms.
These numbers, when translated by the appropriate regulatory agency, can
be the basis of enforceable discharge or effluent limitations in a point
source discharge permit issued under the Clean Water Act.

Since a water quality criterion is to protect designated water
uses, a diverse, multidisciplined research program was developed by
USAMBRDL that includes "effects" studies on laboratory and domestic ani-
mals, wildlife species, aquatic organisms, plants, and economically im-
portant crops. In addition, extensive chemical and biological fate and
persistence tests are conducted to provide information on the behavior
of a pollutant in the aqueous environment. These kinds of data are
especially useful for making site-specific translation of criteria into
enforceable discharge limits.

This report represents a portion of the mammalian toxicology
data base being developed by USAMBRDL on materials related to the use and
disposal of 2,4-dinitrotoluene.
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PREFACE

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under U.S. Department of the Army
Contract No. DAMD-17-74-C-4073, MRI Project No. 3900-B, "Munition Compounds
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and Development Command, Department of the Army. Dr. Jack C. Dacre, Environ-

* mental Protection Research Division, USA!4BRDL, was the Contract Officer's
-.Technical Representative for the project.

This work was conducted in the Biological Sciences Division, under

the direction of Dr. William B. House, between Ttly 1, 1975 and March 31,
1978, and Dr. Harold M. Hubbard, between April i. aud Augunt 31, 1978. The
experimental work was directed by Dr. Cheng-Chun Lee, Principal Advisor, with

9 . the assistance of Dr. Harry V. Ellis, I11, Senior Pharmacologist. Mr. Jack H.
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assistance of Karen J. Smith, E. Renee Walton, Darrel L. Lavish, Pam J.
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EXECUTIVE SUMMARY

The effects of 2,4-dinitrotoluene (2,4-DNT) after oral administra-
tion for up to 2 years were investigated in dogs, rats and mice. Ancillary
stidies included a three-generation reproduction study in rats, cytogenetics

as / in dogs and rats, dominant lethal mutation studies in rats, and metab-
olism studies in rats fed 2,4-DNT for various lengths of time.

In dogs, administration of 0.7 mg/kg/day for 2 years had no appar-
ent adverse effect. Doses of 1.5 mg/kg/day were toxic to some, but not all
dogs, while doses of 10 mg/kg/day were toxic to all dogs and lethal to some.
The main target organs were the erythrocytes and the nervous system. The
primary erythrocyte effect, methemoglobin, was seldom seen but sequelae were
often obvious. These included Heinz bodies and reticulocytosis. In the
second year of the study, these effects were minimal. The more serious was
a neuromuscular effect seen as incoordination and paralysis. In all high-
dose dogs (after weeks 8 to 20) and in one middle-dose dog (after week 66)
there were intermittent episodes of symptoms involving the hind legs and
finer control of lips and tongue. Three dogs, in weeks 8, 18 and 19, re-
spectively, developed complete paralysis of limbs, trunk and neck, could
neither eat nor drink, and were euthanized. Two of these dogs had degener-
ative lesions of the cerebellum. The lack of lesions in other dogs suggests
the presence of a biochemical lesion not obvious to the microscope.

In rats, the 2,4-DNT intake of males and females fed the low dose
was 0.57 and 0.71 mg/kg/day, respectively. This produced no effects. The
intake from the middle dose, 3.9 and 5.1 mg/kg/day, respectively, caused
some mild effects (decreased weight gain, liver toxicity, anemia, mammary
tumors) to some susceptible individuals. The high dose, with intake of 34
and 45 mg/kg/day, respectively, was very toxic, causing severely decreased
weight gain, shortened life span and a variety of pathological effects.
Blood effects were like those in dogs, but anemia also occurred. The livers
had the progressive development from hyperplastic areas through neoplastic
nodules to hepatocellular carcinoma previously seen with other chemicals.
Testes had decreased spermatogenesis, even aspermatogenesis. There were
increases in some of the usual background tumors, fibromas in males and
mammary fibroadenomas in females.

In mice, 2,4-DNT intake of those fed the low dose was 13.5 mg/kg/
day. Some of these mice had a toxic nephropathy, excessive pigmentation,
liver dysplasia, and (in the males) renal tumors not seen in the control mice.
The middle dose, with 2,4-DNT intake of 95 mg/kg/day was very toxic, with a
more extensive and intense incidence of lesions seen in the low dose mice

S T (including cystic renal tumors in over half of the males) and also decreased
spermatogenesis and atrophy in the testes. The high dose, 900 mg/kg/day,

xv
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caused a great decrease in weight gain with a corresponding decrease in
feed consumption and shortened life span to only half that of other dose
gi~oups. These mice had anemia with many IIeinz bodies. The lesions were
like those of the middle dose group, but were seen in most of the mice.
However, tumors were rare, probably because of the decreased life span.
In addition, many females had nonfunctioning ovaries, and very few high
dose mice of either sex had the pinworms commonly seen in the other
groups.

The three generation reproduction study in rats found no

specific reproductive effects of 2,4-DNT. There were only two generations
in the high-dose group because of the combined effects nf the overall
toxicity of 2,4-DNT (decreased body weight, general debilitation and the
antispermatogenesis effect noted above).

Cytogenetics assays of kidney and bone marrow cells from dogs
and rats given 2,4-DNT in the chronic study found no toxicologically
important effects.

Four dominant lethal mutation studies were done with male rats
fed various doses of 2,4-DNT. Proper dose selection was hampered by the
decreased spermatogenesis caused by 2,4-DNT. Finally, we concluded that
there is no dominant lethal mutation effect of 2,4-DNT.

Metabolism studies on rats fed 2,4-DNT for 3, 9 or 20 months
found results similar to those from rats not given 2,4-DNT chronically.
The oral test dose was well absorbed, widely distributed with some
concentration in the liver and kidney and extensively metabolized.
Primary metabolic products from reduction of the nitro groups and/or
oxidation of the methyl group. Most products were conjugated with
glucuronate or sulfate before excretion, primarily in the urine.

Because 2,4-DNT has carcinogenic effects, an ambient water con-
centration of zero is necessary for maximum protection of human health.
However, using EPA developed methodology, exposure to 1.152 pg/liter of
2,4-DNT for a lifetime produces an estimated risk of 10-5 (1 in 100,000)
that a tumor will develop in man. A tenfold decrease in dose would produce
a tenfold decrease in the estimated risk. Because of the similarities
between the isomeric DNT's, this limit for 2,4-DNT is appropriate for a
normal mixture of DNT's.

xvi

.................... ,................



4W

I. INTRODUCTION

Under Contract No. DAMD-17-74-C-4073, entitled "Munition Compounds
] Mammalian Toxicity Study," we have performed a variety of studies, divided

into three phases. Phase I, Effects of Acute Exposure, includes acute oral
toxicity, primary skin and eye irritation, dermal sensitization, and disposi-
t ti• and metabolism studies. Results were reported in Progress Report No.
l.- Results on additional compounds plus in vitro mutagenic (Ames test)
studies will be reported in Report No. 6.V' Phase 1I, Effects of Multiple
Exposure, includes subacute and subchronic toxicity, reversibility, immuno-

logic response, chemical-biological interaction, mutagenicity, and dis-
position and metabolism studies. Results were presented in a series of

I reports on the compounds tested, trinitroglycerin (TNG),-/ 2,4-dinitro-
toluene (2,4-DNT),-i/ 2,6-dinitrotoluene,5_ and nitrocellulose (NC)B6/
Phase III, Effects of Life-Time Exposure, includes chronic toxicity, re-
versibility, reproductive, cytogenetic, and metabolism studies on three
of those compounds, 2,4-DNT, TNG and NC. This report contains the results
of studies on 2,4-DNT.

11
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II. MATERIALS AND METHODS
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II. MATERIALS AND METHODS

A. Animals

1. Sources

Young, healthy beagles were bought from Hasleton Research Animals
(Cumberland, Virginia). Young, healthy CD® rats and CD-i® mice were bought
from Charles River Breeding Laboratory (Wilmington, Massachusetts). All
animals were maturing. They were conditioned in our animal quarters for
at least 2 weeks.

2. Housina and Animal Husbandry

Dogs were kept in dog pens with outside runs. Up to 12 dogs

shared 60 aq ft of heated inside space and 120 sq ft of outside space.
Water was available continuously. Dogs were fed ad libitum or as described
below under food measurement. Runs were cleaned daily.

Rate and mice were kept in plastic cage& with hardwood chip
bedding, metal lids and filter tops. Bedding was steam sterilized before
use and changed at least weekly. Cages, tops and wateL bottles were steam-
sterilized before use and changed weekly. Feed and water were available
at all times. Usually two male rats, three female rats or four mice were
oused in each cage and differentiated by ear-punches. Some groups

(especially male mice) were subdivided to prevent fighting. The rodent
quarters are fully air conditioned, with 10 air changes per hour, main-
tained at 75 + 54F and 50 + 10% relative humidity. The room air is
passed through filters to remove 99.9% of all particles larger than 0.3 v.
Lighting is controlled by a timer providing 12 hr on and 12 hr off.

All animals were observed daily for toxic signs and behavioral
changes and were provided medical treatment as necessary for nontest in-
juries under the supervision of our veterinary pathologists. The typical
case was injuries due to fighting, which may treated by isolation, cleaning
the wounds, and antibiotic therapy, systemic and local.

B. Basic Protocol

1. Dose Levels and Treatment

We usually had a control group and three treatment groups, spaced
at equal logarithmic intervals (a factor of 7). With dogs the doses of
2,4-DNT in the respective treatment groups were 0.2 mg/kg/day (low), 1.5 mg/
kg/day (middle) and 10.0 mg/1kg/day (high). With rats, dosage levels of

1]
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0.0015% (15 ppm), 0.01% (100 ppm) and 0.07% (700 ppm) in the diet were used,
respectively. Earlier studies-a4. showed that 2,4-DNT is less toxic to mice
than to rats, because of decreased absorption from the gastrointestinal
tract in the mice. Therefore, we chose the mouse dosage levels one step
higher than the rat: 0.01% (100 ppm), 0.07% (700 ppm) and 0.5% (5,000 ppm),
respectively.

Dogs were dosed daily by capsule. The capsule fills, consisting
of 2,4-DNT diluted in lactose to give concentrations of 0, 0.4%, 3.0% and
20% 2,4-DNT, were prepared by mixing 2,4-DNT and lactose in a ball mill.
After each weekly weighing, capsules were prepared for each dog for the
following week. Rats diets were prepared weekly. Concentrates of 2,4-DNT
in feed were prepared in a ball mill. These were then mixed with feed in
a rotating box on a modified cement mixer to provide the proper dilution.
For control groups or animals during recovery studies, lactose capsules
or feed without 2,4-DNT, as appropriate, were given.

2. Number of Animals and Identification

Each group consisted of equal numbers of males and females. The
beginning number of dogs was six of each sex per group, of rats 38 and of
mice 58. Additional rats were included for the three-generation (20 females
in each dosage group) and metabolism (12 males and 12 females, each, in
the control, low dosage and high dosage group) studies. A few extra
rodents were added to replace early losses.

Each animal is assigned a five digit number. The first two
digits indicate the dosage groups for 2,4-DNT, i.e., 70, 71, 72 and 73 for
the control, low, middle or high dose group, respectively. The last three
digits are the animal number within each species.

3. Schedule

a. Dogs: All the dogs were bled from their jugular veins
for hematology and clinical chemistry tests before dosing and at the end
of 3, 6, 9, 12, 18 and 24 months during dosing. They were weighed weekly.
Feed consumption .as measured 1 week each month beginning in month 6. After
12 months dosing, one male and one female dog from each dosage group were
killed for necrops3. The treatment of a second pair from each group was
discontinued for 4 weeks. Th•ue dogs were used on a recovery study and
killed for necropsy at the end of 13 months. After 24 months dosing, two
males and two females from each dosage group were killed for necropsy.
The remaining pair was used on a recovery study for 4 weeks and was
terminated at the end of 25 months.

6 '



K

b. Rats: Four males and four females from each dosage
group were b•ed for hematology by cutting off their tail tips before dosing
and at the end of 3, 6, 9, 12, 18 and 24 months during dosing. As much as

possible, the same rats were used at each bleeding. If a bled rat died or
his tail became too short, another rat was substituted. Rats were weighed
weekly for the first 6 months; after weight gain levelled off, they were
weighed biweekly. Feed consumption was measured during the first 4 weeks

and then during the last week of each month. After 12 months dosing, four

males and four females from each dosage group were bled from their aortas
for clinical chemistry and killed for necropsy. A second group of four

male and four female rats from each dosage group was started on a recovery
study without treatment for 4 weeks. These rats were terminated at 13

months. After 24 months dosing, a similar recovery study was started and
the remaining surviving rats were killed for necropsy, with eight from each
group bled for clinical chemistry. The recovery rats were terminated at the
25th month.

c. Mice: Mice were weighed weekly for the first 5 months;
after their weight gain levelled off, they were weighed biweekly. Feed con-
sumption was measured during the first 4 weeks and then for 1 week each month
thereafter. After 12 months dosing, four males and four females from each
dosage group were bled from their aortas for hematology and killed for necropsy.
A second group of four male and four female mice from each dosage group

was started on a recovery study. After 24 months dosing, a similar recovery
study was started and the other surviving mice killed for necropay, with
eight mice from each dosage group bled for hematology. The recovery mice

were terminated at the 13th or 25th month, respectively.

C. Test Compound

1. Analysis of 2.4-DNT Bulk Samples

2,4-DNT was obtained commercially from K and K Laboratories

(Plainview, NY). Appendix III contains reports on assays of three bulk
lots of 2,4-DNT. In each case the assay indicated -98% 2,4-DNT and - 2%
2,6-DNT. For intake calculations, the material was considered +o be pure
2,4-DNT.

2. Analysis of 2.4-DNT Feed Samples

Discussed below are the extraction procedures used to remove 2,4-
DNT from rat feed, the instrumental conditions, the extraction efficiency
of this process, and the stability of 2,4-DNT on rat feed.

7
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a. Extraction Procedure

A two gram sample was transferred to a 30 ml bottle fitted
with a polyethylene seal cap. Twenty ml of acetone was added and the sample
shaken for 20 min using a Burrell® wrist action shaker. A 5 ml aliquot was

transferred to a 15 ml centrifuge tube and centrifuged for 10 min, A 1 ml
aliquot was transferred to a volumetric flask and evaporated to dryness using
an air jet. The sample was diluted with heptane to give a final dilution of
about 5 ng 2,4-DNT/ml heptane.

b. Gas Chromatograph Conditions

Instrument: Bendix 2500 equipped with 63Ni electron capture
detector.

Column: Glass, 1.83 m x 2 mm i.d., packed with 1.5% DC
LSX-3-0295 and 1.5% GE XE-60 on Gas Chrom Q.

riow rate: 40 cc N2/min

f-i''peratures: Column- 1500
Injector - 1500
Detector - 2000

Results: 2,4-DNT eluted at 6.4 min and 2,6-DNT eluted at
3.6 min.

c. Extraction Efficiency

Duplicate rat feed samples were spiked with 2,4-DNT to make
the following concentrations: 5, 1, 0.5, 0.1 and 0.01%. The entire feed
sample was then extracted and assayed for 2,4-DNT. The results were:

2,4-DNT Average Percent

Concentration 2,4-DNT Recovered

5 100 + 2
1 100 + 1
0.5 103 + 1
0.1 98 +1
0.01 64+ 4

8



d. Stability of 2,4-DNT on Rat Feed

Sample of 1% 2,4-DNT/rat feed were assayed after storage for

0, 4 and 8 days in two rat cage feeders filled and stored in the normal
manner. Samples taken at 0 and 4 days were frozen and assayed with the 8
day sample. The results were:

2,4-DNT LEVEL ABOUT 1Z

Storage Time in Days % 2,4-DNTA/ % Remaining

0 0.94 ± 0.05 100 + 5

4 0.93 ± 0.05 99 + 5

8 0.90 ± 0.05 96 + 5

a/ The deviation is an estimate of the error based on other

work. This value is greater than or equal to the
actual deviation.

D. Proceduroes;

1. Observation

All animals were observed daily for toxic signs and changes in
behavior and general health.

2. Body Weishts

Body weights were taken as mentioned above. Dogs were weighed

to 0.1 kg, rodents to 1 g.

3. Measurement of Feed Consumption

K The feed consumption of the dogs was measured by placing them in

a metabolism cage, giving them a measured amount of feed, waiting 0.5 hr,
then returning them to their pen and estimating the remaining amount of feed

by volume. This value was converted to weight by a factor determined by
averaging the weight of 20 replicates of volume measurements. Feed con-

sumption of the rodents was determined by weighing the feed and container
placed in the cage and that remaining 1 week later.

9ii_
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4. Unscheduled Deaths

If an animal appeared moribund, he was killed and necropsied as
described below. If an animal was found dead, he was necropsied as thoroughly
as possible, but no blood samples or organ weights were taken. It an animal
received a serious injury or lesion, causing pain and suffering (such as
an ulcerated tumor), he was killed and necropsied as if moribund.

E. Hematology and Clinical Chemistry

1. Hematology

The hematology battery included erythrocytc, reticulocyte, leuco-
cyte and platelet counts, hematocrit, hemoglobin, a-yt'rocyte indices,
methemoglobin, Heinz bodies and (for dogs) clotting time. Details of
methodology are summarized in Appendix I.

2. Clinical Chemistry

The clinical chemistry battery included fasting blood glucose, serum
glutamic-oxaloacetic transaminase, serum glutamic-pyruvic transaminase,

alkaline phosphatase, and blood urea nitrogen. Details of methodology
appear in Appendix T.

3. Immunoglobin E

Immunoglobin E (IgE), the allergic or hypersensitive antibody,
was associated with anaphylactic reactions in humans.2.' Serum concentra-
tions of IgE were determined iu all cl nical chemistry samples, using the
immunodiffusion technique of Mancini.*

4. Special Tests

If indicated by symptoms or other test results, special tests
such as serum electrolytes were performed.

5. Statistics

Data were analyzed using Dunnett's multiple comparison procedureA

following an analysis of variance, as described in Appendix 1.
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V. Necropsies

* 1. Killing and Gross Examination

Rodents were killed with ether and dogs with an overdose of sodium
pentobarbital. The necropsy was performed as soon after death as possible.
Gross abnormalities in all tissues are observed and recorded.

2. Organ Weights

The brain, heart, liver, kidneys, spleen, gonads, and (dogs only)
adrenals, thyroids and pituitary were trimmed free from surrounding tissues
and weighed. The absolute weights and organ weight to body weight and/or
brain weight ratios were analyzed statistically. Abnormal growths were
measured and, if practical, trimmed and weighed.

3. Histopathology

Tissues routinely taken for histopathologic examination are listed
in Table 1. In addition, all tissues with gross abnormalities were taken.
ProcessIng is detailed in Appendix I.

G. Recovery Studies

Recovery studies were performed after each scheduled necropsy (12
and 24 months). The compound treatment of one male and one female dog or
four rodents of each sex was discontinued. They were given the control
treatment (lactose capsules or feed without compound, as appropriate) for 28
days. During this period, their weight and feed consumption were determined
weekly. At termination, blood samples were taken from jugular vein of dogs
or aorta of rodents for hematology and (except mice) clinical chemistry.
The animals were then killed and necropsied. Detailed procedures are as
given above.

H. Three Generation Reproduction Study

1. Study Design

The study design is illustrated in Figure 1. The initial groups
of rats used as the parental generation (Fo) were started at the same time

X1



as the chronic toxicity study. Rats of each group, parents and offspring
of oach generation, received the same control, or 2,4-I)NT-containing diets
as in the chronic study. For the Fo generation, 10 males and 20 females from
each dosage group were mated after receiving the test diets for 6 months.
Each male was housed with two females from the same dosage group for 14 days.
Offspring from the matings (Fla, first litters) were discarded at weaning.
The Fo rats were again mated. Twenty to 24 offspring of each sex from this
mating (Flb, second litters) were randomly selected (with approximately equal
numbers of pups from the various litters) from each dosage group at weaning.
The F. females and surplus pups were discarded; the Fo males were retained
in the chronic study. Each Flb male was mated with a female within the same
dosage group for 14 days at 3 months of age. The F2a generation was dis-
carded at weaning and the Flb rats were terminated at weaning of the F2b pups.
The F2b rats were then selected and mated at 3 months of age according to the
same procedure used for Flb. The study was terminated upon weaning of the
F3b rats.

2. Evaluation

At birth, all offspring were examined for gross physical abnormali-
ties and the number of live and dead pups of each litter were recorded.
Survival and body weight were recorded at 0, 4 and 21 days.

Reproductive performance for each parental generation was quanti-
fied by: the mating ratio (the number of copulations to the number of male-
female pairing), and fertility ratios for each sex (the number of males or
females with offspring to the number of that sex mated). Reproductive per-
formance for each litter was quantified by: the litter size, the liveborn
index (the percentage of the total number of pups liveborn), the weight of
liveborn pups at birth, the viability index (the percentage of liveborn pups
surviving to 4 days), the lactation index (the percentage of the young alive
at day 4 surviving to weaning), the weight at weaning, and the sex ratio
(the number of males to the total number of offspring). Details of procedures
are in Appendix II.

The general health of the parental generation was quantified by
the weight at first mating.

I. Mutagenesis Studies

To assess the mutagenic potential of 2,4-DNT, we performed cyto-
genetic analysis of tissue cultures from dogs and rats from the chronic
toxicity study, and dominant lethal mutation study in rats.

12
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1. Cytogenetic Studies

a. Preparation of Cell Cultures

At the end of 1 year, blood samples were aseptically drawn
from both control and treated dogs and rats. Blood was obtained from the
tail vein of the rats and from the dogs' jugular veins. The lymphocytes
were cultured by the method of Moorhead et al.Y Bone marrow cells re-
placed peripheral blood lymphocytes as a source of mitotic chromosomes in
the 2-year study. The use of bone marrow cells rather than peripheral blood
lymphocytes has several advantages. Chromosomes will be obtained not only
from lymphoidal cells but also from cells of myeloid, erythroid, and reticu-
loendotheloid origin. Another advantage of bone marrow cells is that the
culture time is reduced from 72 hr needed in lymphocyte cultures to 24 hr
and no mitogenic agent is required to obtain metaphase chromosomes. Femur6 IN0bone marrow was removed at necropsy and processed by the method of Eggen,";

bone marrow cultures were maintained in nutrient mixture F-12 (HAM). Kidney
tissue samples were removed at necropsy, cultured by the trypsinization
method of Fernandes•ll/ and maintained in Eagle's medium as modified by
Dulbecco and Vogt.-lr

b. Chromosome Analysis

Actively dividing kidney cultures, bone marrow cells, and
phytohemaglutin-stimulated lymphocytes were arrested in metaphase by short-
term colchicine treatment. The cells were removed from the culture flasks,
swollen in hypotonic solution, and procqssed for spreading on glass slides
by the method of Moorhead and Newell.U./ Slides were stained with Giemsa
and scanned under low power optics. The slides showing minimum scattering
of cells were selected for analysis under oil immersion optics. Cell ploidy

was estimated by examination of 200 cells. Chromosomes were counted and
morphological aberrations were examined from photographic negatives of up
to 50 metaphase cells.

2. Dominant Lethal Mutation Studies

a. General Protocol

Groups of male Charles River CDO rats were fed 2,4-DNT in
feed at various dosage levels or plain feed (as control) for 10 or 13 weeks,
as specified below. Each male was then mated to two virgin females of the
same strain. At mid-term of pregnancy, the females were killed and the
following data collected: number of fertile males per number of males treated,
number of pregnant females per number of mated females, number of corpora
lutea per pregnant female, and the number of total implants, dead implants,
and live implants per pregnant female. Methodology details are in Appendix
II. Conclusive evidence for dominant lethality requires post-implantation
losses. Increa3ed preimplantation losses may be due to genetic damage.

13
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b. Dosing Regimens and Special Studies

For the first dominant lethal mutation study, groups of four

or five male rats were fed 0, 0.02 or 0.2% 2,4-DNT in feed for 10 weeks.

For the second study, we used seven to 10 males from each of the dose groups

of the chronic toxicity study (0, 0.0015, 0.01 and 0.07% 2,4-DNT in feed)

after they had been fed the diets for 13 weeks. For the third study,
groups of 10 rats were fed 0, 0.15 or 0.2% 2,4-DNT and a group of 15 rats
(to allow for possible lethal effects4d) was fed 0.5% 2,4-DNT in feed for
13 weeks. For the fourth and last study, groups of 24 male rats were fed
0, 0.07, 0.10 or 0.15% 2,4-DNT for 13 weeks. To get maximum information
during the last study, we also measured body weight and feed consumption
weekly during the last study. After mating, 10 of the males in each group
were killed and necropsied for examination of any morphological changes in
their genital organs. The remaining rats were fed plain feed without 2,4-
DNT for a 13 week recovery period. They were then similarly necropsied.
Methodology details are as described above for the chronic study.

J. Metabolism Studies

1. Experimental Procedure

Rats were fasted overnight for about 16 hr and given a single
oral dose of approximately 1/10 of the LD5 0 of 2,4-DNT. Males received a
dose of 57 mg/kg and females a dose of 65 mg/kg. The compound, spiked with
25 .Ci/kg of DNT-(ring-UL-1 4C, specific activity of 3.55 mCi/mM), was
suspended in peanut oil and given via an intragastric tube in a volume of
10 ml/kg of body weight.. Immediately after dosing, each rat was placed in
a stainless steel metabolic cage for the separate collection of urine and
feces. They were given feed and water ad libitum. At the end of 24 hr,
the rats were anesthetized with ether and blood was collected from the
abdominal aorta. Various tissues were removed, weighed and processed for
analysis of radioactivity.

2. Sample Preparation and Analysis

' : Volumes of urine and urine rinse were measured. Feces and GI tract

(plus contents) were weighed and homogenized separately in 10 volumes of

80% methanol in a Waring blender. Whole blood (200-400 il), fecal and GI
Shomogenates (250-500 il) and tissue samples (30-120 mg) were digested in

0.2 ml of 70% perchloric acid and 0.4 ml of hydrogen peroxide with heating

at 75 to 80*C for Qt4 hr. Ten ml of a toluene-PPO-dimettvl-POPOP cocktail
containing 10% Beckman Blosolv BBS-3 were added to the digests or urine
aliquot (100-200 i) . Samples were counted in duplicate in a Packard

A Tricarb (Model 3375) liquid scintillation counter. The counts were corrected
for background and the counting efficiency was determined from a calibra-
tion curve obtained from a 14 C standard quench set (Amersham/Searle Corpora-
tion) using the external standard method.
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3. Thin-Layer Chromatogrhy (TLC) for Identification of Metabolites

Pre-coated silica gal plates (E. M. Laboratories, Inc., Elmsford,
N. Y.) having 0.25 mm thickness were used. Samples of raw urine or urine
extracts were spotted 2 2.0 cm from the bottom of the plate and developed
for a minimum of 10 cm. Solvent systems used were: (a) benzene:ethylacetate
(4:1, v/v); (b) ethylacetate:n-heptane (9:1, v/v); and (c) n-butanol:
acetic acid:water (10:1:1, v/v/v). A sample of pure 2,4-DNT and reference
standards available (diaminotoluene, amino and nitrobenzyl alcohols, nitro-
benzoic acid) were spotted on each plate for reference. Nitrotaluenes were
detected using 5% diphenylamine spray reagent followed by UV-irradiation.
Plates were air-dried and scraped into zones which were added to scintil-
lation cocktail and counted directly. Some urine samples were hydrolyzed
by heating, for 1 hr at 100lC, with equal volumes of 52 HCl. The resulting
solutions were adjunted to pH 9.0 with 2.5% NaCH and extracted with a mixture
of chloroform:methanol (2:1). The two solvent layers were separated by

centrifugation and concentrated into small volumes before spotting on TLC
plates.

,I

I
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TABLE 1

ORGANS ROUTINELY TAKEN AT NECROPSY

Thyroid and parathyroids Caecum

Pituitary Colon

Adrenals Urinary bladder
a/

Lungs Ureter- a/

Liver and gallbladder Diaphragm---
Spleen Skeletal muscle

Heart Esophagu"
Salivary glands Tonsils!
Pancreas Mesente ic lymph node
Thymus Tongue-
Prescapular lymph nodea/ Skin
Gonads Mammary gland
Uterus or prostate and Brain

accessory organs Spinal cordS/

Stomach Sciatic nerve-a/
Duodenum Eyes

Jejunum Trachea
Ileum Rib and bone marrow

a/ Not normally removed from rodents.
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I 1 (10 males and 20 females from main study)
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SFla Fib (10 or 12 pairs)

F Fb (10 or 12 pairs)
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Figure 1 - Design of Three Generation Reproduction
Study
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III. DOG STUDIES

A. Observations and Toxic Signs

1. High Dose Dons

The first toxic sign was observed in week 5, when the tongues of
some of the high dome (10 mg/kg/day) dogs seemed bluish. Eight dogs (four
each, control and high dose) were scheduled and bled for lymphocyte cultures,
additional blood was taken and tested for methemoglobin and Heinz bodies.
Methemoglobin was not found in any treated or control dogs. However, the
high dome dogs tested had Heinz bodies, ranging from 0.4% to 8.82 of erythro-
cytes. No control dogs had Heinz bodies. Further scheduled tests are
described below with other hematology results. The next morning, one high
dose male dog (No. 73-187) was found dead in the run. The S-hook holding
his number tag on his neckchain had snagged in the wire mesh fence of the
run, and he had strangled. We consider this unrelated to treatment.

The first severe 2,4-DNT-related symptoms were seen in high dose
male No. 73-191 during week 8. On Monday, he weighed 10.0 kg, down from
12.0 kg the previous week; he behaved normally. On Wednesday, he had inter-
mittent, irregular tremors which could be called mild, ill-defined convul-
siona. Between the convulsions, his back was arched and his gait un-
coordinated, especially the hind legs. His gums and coat appeared normal.

The next morning (day 53) he was found lying on his right side, with hisi
back arched and legs extended; his nose almost touched his hind paws. His

abdominal and leg muscles were rigid. If placed on the left side, he flopped
about like a fish until he had resumed his original position. His head,
neck and eye reflexes and other functions appeared normal except for a
regular cardiac arrhythmia (one slow beat after every 4 or 5 normal beats);

similar patterns have been occasionally observed in the control dogs. By

the afternoon of the next day, he had not eaten for over 24 hr. The rigid
paralysis now included his neck; he was incapable of eating and drinking.

He war killed for necropsy; the muscles relaxed at death. Blood samples
taken 24 hr before necropsy had considerable amounts of Heinz bodies and
some methemoglobin (Table 2). At necropsy, the blood was more dilute with
no apparent methemoglobin. There was leukocytosis.

High dose female dog No. 73-192 showed symptoms during week 10.

Her movements, especially the hind legs, were quite uncoordinated. This
was worst 1 to 2 hr after dosing, but disappeared by the next morning.
After a few days, the severity of symptoms decreased and none were apparent

by week 13.

High dose male No. 73-197 showed severe toxicity during week 18.

Symptoms were like those previously observed with occasional foamy, bilious
vomitus. By the and of the week the paralysis had extended to his neck;
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he was in rigid dorsiflexion making occasional thrashing movements. His

blood sample had some Heinz bodies, considerable amount of methemoglobin
and elevated SGPT (Table 2). The only remarkable finding on necropsy was
a completely empty gastrointestinal tract, reflected in a weight drop
from 10.6 kg to 9.3 kg during the 5 day period of symptoms.

High dose male No. 73-195 also had his first symptoms during week
18. His symptoms developed wiore slowly. He had profuse sulivation and
more frequent vomiting of white, foamy material. Unlike the other affected
dogs, he was limp, rather than rigid. in 9 days, his weight dropped from
10.6 kg to 7.7 kg. He was killed for necropsy on the 13th day of symptoms
during week 20. His blood samples had small amounts of Heinz bodies and
methemoglobin, but were otherwise unremarkable (Table 2).

Because these deaths left us with only two high dose males, both
were continued to the end of 24 months, where one was necropsied and the
other placed on the recovery study. No high dose male was used for the
12 month necropsy and recovery study.

After this series of deaths, we continued to see intermittent
symptoms in the surviving high dose dogs, but none were severe. As with
No. 73-192 mentioned above, symptoms would disappear within a few days or,
at most, weeks and reappear several weeks or even months later. The rela-
tively severe, prolonged episodes were accompanied by weight losses, as
when female No. 73-190 dropped from 8.4 kg in week 24 to 6.9 kg in week 26.
Dogs showing symptoms were routinely isolated in individual cages, because
their runmates would harass a weaker dog. During week 30, when female No.
73-192 was isolated, she could stand and walk, but with difficulty. She
was losing 0.1 kg per day. She tried to eat the usual Purina Dog Chow
(in chunks about 1 in. size) but could not pick them up with her lips and
tongue, due to incoordination. We prepared Champion Dog Feed (in chunks
about corn size) wetted to a soupy consistency. Within minutes, she had
finished the entire bowl. More soft diet was supplied as necessary. She
gained 1.0 kg in 1 day and recovered rapidly. Henceforth, the soft diet
was routinely used on all dogs isolated for incoordination.

2. Middle Dose Dogs

During week 66, the first toxic signs in the middle dose group
(1.5 mg/kg/day) were seen in male No. 72-181. As had happened with the high
dose dogs, he lost most muscular control of his hindquarters and had occasional
convulsive tremors. Within a week he appeared normal. It is noteworthy
that he had received as much 2,4-DNT in 66 weeks as the high dose dogs (No.
73-191 and No. 73-192) had received in 10 weeks when they first showed
symptoms. During the remainder of the study, No. 72-181 had occasional
episodes of symptoms, but no other middle dose dog did.
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In week 98, middle dose female No. 72-1.78 was found dead. No
premonitionary signs had been noted. Necropsy revealed no apparent cause
of death. Nutritional status was fair. Since death was so near the end of
the study, histopathology is discussed below with the 24-month terminations.

3. Recovery Dogs

On day 8 of the recovery study after 24 months dosing, high dose
male No. 73-193 had the characteristic 2,4-DNT ataxia for several hours
after dosing of control capsule. Chemical assay of his remaining capsules
found no detect.able 2,4-DNT. Extraction of these capsules with chloroform
resulted in a clear solution and TLC gave no characteristic spot. On the
other hand, the authentic high dose capsules gave a yellow extract and a
large spot on the TLC. The sensitivity limit of the assay was less than 1%

of the amount in a high dose capsule. It is not obvious if this transient
ataxia was due to a delayed effect of the 2,4-DNT.

B. Body Weight and Feed Consumption

The average body weights of dogs given various doses of 2,4-DNT
are shown in Figure 2. There were month-to-month variations. Notable low
points took place in month 6 and 7 and 18 and 19, which correspond approxi-
mately to January and February. Month 18 was one of the most severe cold
months recorded in this area. During one period of over 3 weeks, the tempera-
ture never rose to freezing and the wind chill often dropped to the vicinity
of -40. The dogs go outside despite these conditions.

Despite these changes in the body weights, the low dose (0.2 mg/
kg/day) dogs tended to be the heaviest, followed by the controls, and the
high dose (10.0 mg/kg/day) dogs. The middle dose (1.5 mg/kg/day) dogs were
the lightest.

Average daily feed consumption is shown in Figure 3. These mea-
surements were begun in week 23 at the request of the Advisory Committee.
Variation from month to month was extremely high. There was some tendency
for the low dose dogs, male and female, to eat the most, but this was not as
conspicious as with body weights.

C. Laboratory Data

I Baseline values of hematology and clinical chemistry for male and
female! dogs are shown in Tables 3 and 4, respectively. The following tables

V! show the values for these dogs after being treated with various doses of
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2,4-DNT for 3 months (Tables 5 and 6), 6 months (Tables 7 and 8), 9 months
(Tables 9 and 10), 12 months (Tables 11 and 12), 18 months (Tables 13 and 14)
and 24 months (Tables 15 and 16).

1. Baseline Values

Before the start of the study, the only statistically significant
difference between groups was slightly elevated fasting blood glucose in
the high dose (10 mg/kg/day) males. However, all values were within expected
limits (see Appendix I). One control male (No. 70-151) had extremely high
SGPT (427 IU/ml) at this time, but not later. The average was calculated
without this aberrant value.

2. Treatment-Related Changes

a. Erythrocytes: The primary blood effects of 2,4-DNT were
on the erythrocytes. Perhaps the most evident examples are female dogs
given 10 mg/kg/day of 2,4-DNT for 3 months (Table 6). There was anemia
with the erythrocyte count depressed by 20%. The body compensated by in-
creasing production of erythrocytes, thus increasing the proportion of
immature erythrocytes (reticulocytes). These immature cells are larger,
so the mean cell volume (MCV) and mean cell hemoglobin (MCHB) were increased
and the total hemoglobin was decreased, although the amount (12-1/2%) was
less than the decrease in the erythrocyte count (20%). Immature cells do
contain some non-hemoglobin elements, reticulum (the network), which gives
it its name, so its mean cell hemoglobin concentration (MCHBC) was decreased.

The cause of this anemia was reflected in the small, in-
consistent methemoglobinemia and the more considerable, more consistent
presence of Heinz bodies. Methemoglobin is difficult to measure in small
quantities because the method involves the difference of two absorption
measurements. Values up to 5% may be artifacts, since the smallest possible
reading differences correspond to 2 to 2.5% mathemoglobin. Since Heinz
bodies are determined by counting cells picking up a special stain, low
values are much more reliable. In addition, methemoglobin is transient, with
even large levels being eliminated within 24 hr as we showed with trinitro-
glycerin../ In the later case, the blood samples taken almost 24 hr after
the last dosing of trinitroglycerin may not show any methemoglobin even if
large amounts were prefsent a few hours after dosing.

As dosing continued, this qualitative pattern (anemia with
reticulocytes and Heinz bodies) continued but the quantitative aspects
changed. This was most obvious in the results after 18 and 24 months dosing
(Tables 13 through 16). Despite continued dosing, the dogs now had only
a slight anemia or none at all, near normal reticulocyte levels, no Heinz
bodies and minimal methemoglobin. These minimal amounts of inethemoglobin
were found in most of the high dosage group samples, in about half of the
middle dosage group samples and very few others. It is significant
toxicologically, although not statistically.
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b. Platelets: The other dose-related phenomena seen was
an increase in platelet level. Except for the last sample (24 months of
dosing) and the baseline, the high dose dogs had the highest platelet count
in about half the time. The increase was small and had little clinical
significance.

3. Other Changes

A variety of other changes were noted, but seemed unrelated to
the 2,4-DNT. An increase in erythrocytes and a decrease in reticulocytes
between different sampling periods were the results of the maturing of the

beagles.

There was a statistical increase in the clotting time of the low
dose dogs especially after 3 and 12 months of dosing. This effect was not
consistent and not seen at higher doses. Furthermore, the clotting time

is often quite variable due to temperature and other unknown variables.
Thus, these changes are not considered toxicologically significant.

There were other random variations. As seen in Table 8, the
eosinophil count was statistically high in the high dose females, but
there is no consistency. The leukocyte count of the middle dose females
was statistically low, but the decrease is clinically insignificant.

After 12 or more months dosing, the SGPT levels of the high and
middle dose dogs were often elevated. This might be an effect of 2,4-DNT,
but it was occasionally seen in only some of the dogs.

4. Recovery From Effects

Laboratory data from dogs allowed to recover for 1 month after

12 or 24 months dosing are shown in Tables 17 through 20. There was
definite recovery from the anemia, with no Heinz bodies, no methemoglobin
and control-like erythrocyte and reticulocyte counts in the high dose dogs.

D. Pathology

Data are presented on all dogs except No. 73-187, who was found
partially autolyzed after accidental strangulation.

1. Treatment for 12 Months

A few gross changes, not related to 2,4-DNT treatment, were seen
at necropsy. These included a congested lower gastrointestinal tract (colon
and cecum) in the control male (No. 70-161), a hypertrophic nictitating
gland of the right eye and areas of consolidation and firmness in the
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apical lobe of the lungs of the low-dose female (No. 71-174), a dark red
circular mass (5-7 mm diameter) on the mesentery of the middle-dose male (No.
72-185), a contracted spleen in the middle-dose female (No. 72-186), and some
streaking of the renal corticomedullary junction and hepatic mottling in the
high dose female (No. 73-198).

Treatment of 2,4-DNT for 12 months did not cause any obvious effects
on the organ weights (Table 21). There were some variations in absolute and
relative organ weights among individual dogs.

Tissue lesions in these dogs were few (Table 22) and generally
corresponded to the grossly obvious lesions. Male dog No. 70-161 had
ascariasis in the intestine and a parasite migration scar in his liver,
female dog No. 71-174 had lymphoid hyperplasia and some foreign body granu-
lomas consisting of mononucleated macrophages and fibrous tissue surrounding
what appears to be hairshafts in the lung, and female dog No. 72-185 had an
accessory spleen. Other occasional changes occurred in the liver, pancreas,
stomach, intestine, kidney, prostate, pituitary, adrenal gland and lymph node.
The lesionu were mild and not related to the treatment. The only effects
which, in view of later observation, related to the 2,4-DNT treatment were
the bile duct hyperplasia and the minimal pigment deposits in the liver of
the one high-dose dog, No. 73-198. These lesions were consistently present
in high dose dogs after treatment of 2,4-DNT for 24 months. The bone marrow
of the dogs terminated at 1 year was normal and the myeloid/erythroid (M!E)
ratios were within normal ranges.

Recovery dogs: The results from the dogs given 2,4-DNT for a year
and allowed to recover for a month are given in Tables 23 (Organ Weights)
and 24 (Lesions). The only gross lesion was the parasites in the control
male dog No. 70-159, which proved to be a few ascarids and cestodes. There
was some variation among individual dogs in the absolute and relative organ
weights. Bile duct hyperplasia was seen' in one low dose female (No. 71-172)
and pigment deposits in one middle dose female (No. 72-184) and one high
dose female (No. 73-196). A number of other lesions in various tissues
were not related to treatment. These lesions also occurred in control dogs
or were not persistent in treated dogs. The bone marrow and M/E ratios of
these dogs were normal.

2. Treatment For 24 Months

At necropsy, the obvious lesions were nodules and/or white
patches in the lungs of about half of the dogs, a wart which proved to be
a papilloma on the tip of the right ear of a middle dose female (No. 72-
180), and "cherry eyes" in a control female (No. 70-152) and a low dose
male (No. 71-165).

The absolute and the relative organ weights of the dogs terminated
at the end of 2 years were unremarkable (Table 25). There was some
variation among individual dogs.
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Histopathologic examination revealed several lesions which
were related to the 2,4-DNT treatment (Table 26). There were a mild
bile duct hyperplasia and clusters of brown pigment-laden Kupffer cells
in the livers of all three high dose dogs and in one low dose dog.
Cystic hyperplasia of the epithelium occurred in the gallbladder of all
high dose dogs, one middle dose dog and one control dog. Brown epithelial
pigmentation was seen in the gallbladder of two high dose dogs and three
middle dose dogs and in the kidney of two high dose dogs. Excessive
pigment was also seen in the spleens of two high dose dogs. A variety
of lesions, not related to the 2,4-DNT treatment, were seen in other
tissues of the dogs terminated at the end of 2 years. The white patches
in the lungs were focal subpleural fibrosis. The lung nodules comprised
several lesions. Some were foreign body granulomas due to inhaled hair
shafts. Many were focal interstitial fibrosis, with or without eosino-
philic infiltration, suggesting old parasite-related lesions. These
lesions were mild, also seen in the control dogs, and/or not persistently
occurred in the treated dogs. The bone marrow and the M/E ratio of
these dogs were normal.

Recovery. dogs: Dogs given 2,4-DNT for 2 years and allowed to
recover for a month were grossly similar to those terminated at end of 2
years. Several dogs had lung nodules and a scattering of other changes
including an ectopic spleen in a control female (No. 70-156) and uterine
cysts in both low dose females (Nos. 71-168 and 71-170) with a cystic
ovary in the latter.

Histopathologic examination (Table 28) revealed the same
treatment-related lesions including bile duct hyperplasia, cystic hyperplasia
of the gallbladder epithelium, pigmentation in the liver, gallbladder
and kidney and excessive pigment in the spleen. However, the gallbladder
pigmentation and splenic hemosiderosis were seen in several control and
low dose dogs. There is no indication of recovery from the relatively
mild lesions found after 2 years' treatment of 2,4-DNT. As seen in
other groups of dogs, a number of lesions, not related to treatment,
occurred in other tissues of these dogs.

3. Unscheduled Deaths

As discussed above, three male high dose dogs became totally
paralyzed; they could not lift up their heads to lap up water. These dogs
were killed for necropsy. Gross examination was unremarkable, except for
the gastrointestinal tracts, which contained only their own secretions.
Histopathological examination revealed a number of tissues related to the
paralysis (Table 29). There were a generalized vacuolation with some re-
semblance to encephalomalacia, hypertrophy and mitosis of the endothelium
and gemastocytosis (enlarged astrocytes) in the cerebellum, and some pern-
vascular hemorrhage in the cerebellum and the brain stem. These changes
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were not seen in dog No. 73-191 who died first, and were only minimal

in dog No. 73-195, who died within a week of first symptoms. The lesions
were most severe in dog No. 73-197 who survived almost 2 weeks with in-
creasing paralysis. They were not seen in any dogs without paralysis as
described above. Pigmentation also occurred in the liver and/or spleen
of these three dogs and bile duct hyperplasia occurred in one dog (No. 73-

197). The occasional lesions in other tissues of these dogs were not
related to 2,4-DNT treatment.

E. Cytogenetics

The results of the chromosome analysis of the bone marrow and
kidney cultures treated with 2,4-DNT for 24 months are shown in Table 30.
The kidney cultures from the treated dogs had slightly increased tetra-
ploids. The increase was not statistically significant. Tn addition, the
bone marrow cultures were normal. Administration of 10 mg/kg/day of 2,4-DNT
did not cause any morphological aberrations of the chromosomes.

F. Discussion and Conclusions

Repeated oral administration of 2,4-DNT was toxic to dogs. The
high dose (10 mg/kg/day) was toxic to all dogs, and lethal to some. The
middle dose (1.5 mg/kg/day) was toxic to some dogs, but not all. The low
dose (0.7 mg/kg/day) had no apparent adverse effects. Chronic administration
of 10 mg/kg/day of 2,4-DNT for 24 months had no apparent mutagenic effecton the chromosomes.

There were three target organs after chronic administration of
2,4-DNT: the erythrocytes, the biliary tract and the nervous system.

1. Effects on Erythrocytes

Repeated oral administration of 1C mg/kg/day of 2,4-DNT caused the
destruction of erythrocytes resulting in anemia. The effects of toxic agents
on the red cell have been well understood for some time. The process is
sometimes called "anilinism," and is seen with aromatic nitro- and amino-
compounds, inorganic nitrites and nitrates (reduced to nitrite by gut bacteria), 1
and other oxidizing agents. The relative importance of the various effects
varies with the compound, but the qualitative picture is constant. 14 /

The initial biochemical lesion was the oxidation of the ferrous
ion in hemoglobin to produce methemoglobin. The likeliest oxidizing chemical

species after the administration of 2,4-DNT was a hydroxylamine, an Inter-
mediate in the reduction of nitros to amines. Within limits, the body could
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reduce this methemoglobin to hemoglobin. However, some was destroyed to
produce Heinz bodies, small granules of degenerate homoglobin within the
red cell. Because of the increased formation, there was an increase in red
cell destruction. Therefore, pigment deposits (derived from hemoglobin
and/or 2,4-DNT metabolic products) were found in various tissues, including
Kupffer cells and epithelium of the gallbladder and kidney. The bone marrow
increased the production of erythrocytes; there was an increased proportion
of immature erythrocytes (reticulocytes), which, in turn, caused increases
in mean cell volume and mean cell hemoglobin, and decreases in total hemo-
globin and mean cell hemoglobin concentration. If the hemolysis is extreme,
the marrow cannot increase erythrocyte production enough, and anemia is seen.
If the hemolysis is not severe, a "compensated anemia," normal erythrocyte
count with increased reticulocytes resulted.

As the treatment of 2,4-DNT is continued, the dogs might have
developed "tolerance." There were only a slight anemia or none at all,
near normal reticuloycte levels, no Heinz bodies and minimal methemoglobin.

2. Effect on Biliary Tract

Hyperplasia of both the biliary tract au~d the gallbladder epithelium
was noted in most of high dose dogs (10 mg/kg/day) and a few middle dose dogs
(1.5 mg/kg/dcy). There was no indication of recovery when the treatment of
2,4-DNT was discontinued for 1 month. This lesion in the biliary tract and
gallbladder was a very mild effect. Its significance in the dog after pro-
longed administration of 2,4-DNT is unknown.

3. Neurotoxicity

In dogs repeated oral administration of 2,4-DNT caused character-
istic neurotoxicity. The effects appeared to be a cumulative effect with
a wide range of individual variation. The affected middle dose dog was first
affected after a total dose of about 700 mg/kg, the first four affected
high dose dogs had received similar total doses of 510 mg/kg, 680 mg/kg,
and 1,240 mg/kg at onset of symptoms. No other middle dose dogs had symptoms
by the end of the dosing period (1,092 mg/kg total dose), but all high dose
dogs had such symkptoms by the end of the third quarter (2,73() mg/kg total

dose). Therefore, it seems that a total dose of 500 to 3,000 mg/kg would
produce these symptoms in most beagles.

The primary symptom seen was a loss of muscle control, producing
ataxia and/or incoordination. The hind limbs were affected more than the
forward parts of the body. The muscles usually became rigid in extension.
Thus, a characteristic posture consisted of the dog sitting down with his
hind limbs protruding at odd angles. If the dog walked or ran, a strange
hopping gait was seen because the hind legs were stiffly held, moving less
frequently than the front legs, and completely out of synchrony. In dogs,
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the most delicate muscular control and coordination, analogous to the human
hand, is that of the lips and tongue picking up feed. The 2,4-DNT induced

nervous system effects interfered with this process, making feed unavailable

to the dogs.

A remarkable aspect of this neurotoxicity was its waxing and
waning, despite continuing dosing. There was no obvious explanation, but

it occurred quite regularly. If parenteral nutrition ("hyperalimentation")

was used, it was possible that even the severely paralyzed dogs might have

recovered.

The three high dose dogs (10 mg/kglday) with paralysis, killed

for necropsy during the 8th, 18th and 19th weeks of treatment, had generalized

vacuolization, hypertrophy and mitosis of the endothelium, and gemastocytosis

in the cerebellum. There was also perivascular hemorrhage in the cerebellum
and the brain stem. These lesions were probably responsible for the Incoordina-

tion, ataxia and paralysis produced in all the high dose dogs. There was
a lack of any other apparent lesion, biochemical or histopathological.
Secondly, the paralysis ceased when the barbiturate overdose used for
euthanasia began. Anatomically, the cerebellum provides coordination for

muscular movement, and the physiological effects are an impairment of this
coordination. Finally, there were similarities, in both histopathology
and pathophysiology, to the syndrome known as "encephalomalacia" in horses
and chickens. The primary argument against this relationship is the lack

of the lesions in most dogs. If development of a visible lesion requires
a week or more of severe toxic signs, the results are explicable. Presumably,
lesser degrees of toxicity involve lesions at the biochemical scale which
are not apparent to light microscopy.

4. Prediction for Human Toxicity

If one were looking for 2,4-DNT toxicity in man, the most useful
tests would seem to be a coordination test (hand-eye) to detect the neuro-
toxicity, and blood analyses for Heinz bodies, erythrocytes, hemoglobin and
reticulocytes, to detect and evaluate the severity of the anemia.
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TABLE 2

LABORATORY DATA OF DOGS GIVEN 10 MG/KG/DAY WITH SEVERE TOXIC SIGNS

Dog No.: 73-191 73-191 73-197 73-195 73-195
Study Day: 53 54A/ 13111 136 138S/

Erythrocytes, x 10 6 /Mra3  6.18 4.74 6.39 6.82 7.02
Heinz bodies, % 6.67 8.00 2.30 0.11 0.33
Reticutlocytes, 7. 1.10 0.89 0.26 0.11 0.04
1iematocrit, vol. % 48 36 50 50 53
Hemoglobin, gm 7. 16.4 12.4 16.6 18.4 18.2
Methemoglobin, 7% 7.9 0.0 21.1 4.9 7.1
MCV, cubic microns 77.7 75.9 78.2 73.3 75.5
MCHB, micromicrograms 26.5 26.2 26.0 27.0 25.9
MCHBC, m 7. 34.2 34.4 33.2 36.8 34.3
Platelets, x 10 /mm 3.05 1.20 2.80 1.80 1.88
Leukocytes, x 103 /rmu3  9.8 19.9 7.4 14.2 14.4

Neutrophils, % 80 66 84 76 77
Lymphocytes, % 19 27 11 18 19
Bands, % 0 0 0 0 0
Monocytes, 7. 0 1 5 5 3
Eosinophils, 7. 1 6 0 1 1
Basophile, 7. 0 0 0 0 0
Atypical, 7. 0 0 0 0 0

Nucleated RBC, 7. 0 0 0 0 0
Glucose, mg 7. 119 108 165 118 98
SGOT, IU/2t 21 21 62 15 21
SGPT, IU/l 52 40 136 34 31
Alkaline phosphatase, IU/, 38 33 22 13 12
BUN, mg 7. 14 15 24 12 12
Bilirubin total, mg % 0.0 0.0 0.2 0.5 0.3
Bilirubin, direct, mg % 0.0 0.0 0.0 0.3 0.0
IgE, ITU/ 2350 2725 1800 1450 1675
Ca, meq/k .. k/ 4.9 5.3 5.1 5.0
Mg, meq/4 -- 1.6 2.1 2.0 1.9
K, meq/X -- 4.8 4.1 4.4 5.2
Na, meq/1 -- 149 153 147 144
Cl, meq/A - 114 108 104 110
BSP retention, % ...--. 11 -

CPK, Iu/t ...... 12 24

a/ Killed for necropsy this day.
b/ Not measured.
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S0 1, lU/L 34-,f L 4- 36.S 1, 2.6 345~ 1.01 372

ALK. Obi'.., hIlL. '.6 3 1 . 7 1 . 3 ca.

4UeN, MA 18p±. .4 1.? o I6.A L 1.1 1q.0 1 2

IMMUNOOLORULIN E, IU/MI. 925 + 4605 7 5

EIGIJCANLYDzVPEW(? FROM CONTROL 000S (IDWIf037'S MOULTIPLE COMMO1SN PILOGEIIRE

M6513 ARl hMW ±t ITANDARD lOK..
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TASLS 5 '

LABORATORY DATA OF KALK Al0~8 ADMIkIISTIATIOI Of 2.4-ON? FOR .1 MO 0

*(Coh) CONTafl(. (7.84) TP96TRO N BNIJMIIEA nO4%l~0

00E1: l4Gt'~dtOAY 0 6 ) o.2 (T, 6) 1.5 1?, 6) 10 IT. 41

E YTMN0CYTE5 (120 1"NM 1 6.25 ±. .13 (1.15 *1 .2 6.13 #- .11 -. # .04

H NENZ ROOIES. 4 0.00 5 0.00 0.00 00'300 0.00 t, 0.00 *AT .61

RETICULfl0VE5. 14 .59 5 .06 .11 o.4 .6 .12 1.ai 5 .280'

HEMATQCRIITo VOL. *..A.3 A . 43.9 A 40.7 1, .1 44.6 5 1.0

NEMOGLORIN. ON. 0. 6.0 5 *3 14.3 ~.1. 1S.1 5, .3 lik.7 L 3!

NIC14EM00LO118. 0. 0.0 t 0.0 0.0 &. 1.0 0.0 5, .0 .6 -- .6

NOV., CIIAIC MICRONS 74.a *- q 71.3 L . 71.0 ?A.7.? t, 1.2

14CH-40 MICRO MICROAMS. 25.6 a, . 26.9 5, .7 247 ~.1 64~

McHNC. Am 1 34.6 s .235.0 6?. 34.7 .7 33,1 1 .0

1 3

LEUXOCYTfS IXIO4.' t. . 9 12.1 A. . 12.5 t IS 1.* 0 7

NViUTI#OPHILS. 14 64.3 1.245.6 55 , 0.2 5'.2 . 2.6 63.0 5.6

LYMPHOCYTES. %. 31,0 A, . 34.1 5,3.0 39.3 t, P.0 32.8 6.

e3AN09. 6 2 .. A .3 0.0 ~.0.0 0.0 a, .0

0 EOI UPNLS. 4. 3.3 t 1.3 4.7 1.2 5. o4.0 ~.1.7
9AII)P'ILS, A. 0.0 6, '.0 0.0 t, 0.0 0.0 5,0.0 0.0 t. 0.0

'dt.NOCYTES. %. 1.2 .4 3.0 t .0 .115 .1 .,3 .3

ATYPIC~AL- 1.00± 0.0 0.0 _6 0.0 0.0 t, 0.0 0.0 5,0.0

.)UCI.EATED 'R0C. 4 0.0 L, 0,0 0.0 5, 0,0 0.0 t, 0.1) .3 5, .3

CLOTTINO t2"~s '41N. 7.0 5, .4 23.0 t. hi/ 6.145 .3 5.4 . .

OLUCOSF (FAS~TNflI, MG A 91.5 52101.0 ?, .a A6.5 3.2 92.a t 2.6

5007, lU/I. 27.2 .'24.6 P, .1 33.6 t 1.A 50.3 5,14.7a,

SOPT, tuIL 39.2 14 .9 36.3 1.1 13(.5 ts~ 61.0 11.9

ALI(. PHnS., IU'L .10. 3 49 t s9.! 32 P, 4 9 5,
q)13q "a S. 14.5 ~. 1' 3.9 1A6 i 2. , 72.8 ±2.7

I
M
4UNOGLOtIULIN f- (Ik/MI. 2090 O 54 151 t5. ! 60

-4/ SIGNIVICANTLY DIFIVSMIT FROM CONITROL DOGS LDL2MtIET'5 MULTIPLE CONPAXISON PROCKDURN).

ENTRUS ARE MMN STADARID 11101.

T11
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t~dM1l DAT OFs~ IW/O'AY0 ALI Ni01OHSTAINO 2.4-DNT FOR 3 M~ONITHS : t

HE1Z0.00 L 0.50 0ofln a. .00 2.60 Il 0,06 2.04 1. 1,3

RETICULOCYTES. 4 ,At .13 .6111 .44 .5A t. .iz 1.01 .49

MCATCRT#Vn# A 1.1 a 1.3 49.6 a .749.0 t. 1.2 ]a.&1 a.2.1
04MOOlea*s14.4 R .1i.9 IS.*, 15.' .4 12.6 L . 71,

M1ETI4EOOLOPIN, 1 *0t.0 ago0. 0.0 a.0.0 0.0 1. 0.0 2.0 1.0

"NCV. CUSOIC hIICROtdl 72.1 t. .4 72.5 t. 1.2 71.1 t. 1.0 0614 6.11

MCNI'q W41CRO MICROONG. 24.9 _0 .2 21.3 _# .4 29.6 I .3 ly. 1.2

NCHRC* OM S. .4.9 & .1. 34.9 a. .3 34.2 .3 u8., . .1

~ 13 3
LEUK.OCYTES IXlO /M*M 1 13.0 a .9 12.2 1.2 11.5 .A 14.4 8 .1

NE::NIH:St: 14 sq .901.2 1.4 014.2 L %-. 1.5 3.7

04(.110.0 0.0 0.0 :L 0.0 0.0 ~.0.0 0.0 a.0.0

FOSINOPWILl. 41 2.0 1. . .4 _- .4 4.5 a.151.8 . .

RASOP'IILS4 S.00a 0.0 0.0 L 0.0 0.0 t. 0.0 0.0 0.0

¶1 1iNfCYTF5. S. .d * 1 2.11 . .8 65. 1.0 a. .5

ATYPICAL. 01 0.0 L M.0 0.0 a.0.0 0.0 3 .0 0.0 n .0

NUCLEATED 110'. 4.2 #_ .p .2 a. 2 0.0 0. 00 0.0 a.0.0

CLOTTING ?TIME. MIN. 7.1 t. .4 bAa 7.1 a.1.9 A0.15 a.
GHCl (F'T4n 0 .4 3.2 t. 3.1 140. L2 :: :::: :3 q .:74 l

41301? IU/L 3lP.3 P.A 36.2 t. 4.p 3S.5 a.2.5 32.3 a.1.1
AL'(. PH4401, IU/L 31 a. 1 52a. 4 32 6 3S 4.
RUN. WO A. 10.0 1..2 15.6 a .917.2 1. L. 17.2 a.1.0

4:4

1. MNNOLOIUZNE~~iML 2lfl (0I0t~1~S IUTILICCI~ZSW ROEUJ) 2023513



MAOSATOM OAMU Or MALI DOGS 6EZ ADMINISTRATION O? 2.4-0I4T FOR 6 M406THS

(C.N) CONTPflL l?.N) TREFftTn N U UMBEP Or Oflh4 J
nOSK: '40i'KOO'OAY 0 (Ice 61 0.2 (1, fil 1.3 (To 6) 10 (14 0(

tmyfl.40(yTEs mXo M 5.70 0 .1 . £ .20 4.10 0. .13 01.26 - .18

HEIN4Z RODlES. I 0.00 1. 0.00 n.00 d. 6.0 0.00 0.00 I.n2 t 61

RETICULOCYTES, 4 .4A -- o0q .46 0.*04 .97 6 in 1.44 & .481

'IEMATOCRITs VOL. S 46.1 L. II1 42.A ± 1.0 47.5 .7 4,b.0 0. 3.0

.4EMOOLOMtNe GM. is. 1~ .3 14.5 1. 5 .9 t . 14.2 t .7

METHWMOLORIAI. 41.0 0 .50.0 ~.0.3 0.0 0.0 . . .

mCv. CuOIC MICRONS 111.3 q. . 78.0 0.1.? 76.0 1.0 A1.5 Z.

MCNN. MICR~O I4CROGNS. 26.S . 26.4 . .5 ph.1 .3 27.0

MCH"C. 4iM 032.6 L .3 33.A _s . 33.5 ± .4 32.3 0. .6

PLATELETS lAin /,MMI3 1.6 I 2 .A -- . 1.9 .*?1 9

LEIJKOCYTES (X10 /MM 13.2 . .6M.9 . .~ 12.1 .8 13.9q± 1.8

tdElj)lOPHIL'i. % A3.0 0 2.s 453.A 3I.6 61.5 t 1.6 s5.0 1. 1.0

LYMPHOCYTES* 4 29.4 t 3.3 40.0 0 3.? 24.3 ±3.'. "0.5 T~

ROAMOS* 0 0.0 1 0.0 0.10. 0.0 .3 0 . 0.0 ~.0.0
EOSINOPI4ILS, A 6.7 -, 1.1 5.3 & .4 1.5 t. 2.1 '.0 ±0.0

RASOPW.4LS. K 0.0 0.n 0.o0n 0.0 0.0 0. 0.0 0.0 ±. .0

'40ONCY1ES. 1 55 .3 0.0 t 0.0 .3 0. .2 .5 t .5

ATYOICAL, a 0.0 1. 0.3l 0.0 t n.0 0.0 0. 0.0 0.0 A. .0

AiUCLEATEO 00C. 16 0.0 0.0.0 0.0 1. q.0 t.0 0.0 (1.00 0.0

CLOTTING TIME, mlN. 01.0 p. 9. 3 A...7. , . 7.30. .5

GLCOE PAT'JI,~ U2.7 t. 1.3 91.0 3. ~0.44. ~0. 3.0

%GOT- lU/L 24.7 t. .7 ?~20S.P 2.1 28.0 0. .A 32.5 0.1.5

SOPY. IU./L 34.0 0.2.0 37.5 s 2.4 '5.7? n 2.6 41.5 0. .5

ALI(. PmQ.415. lU/L 220 5 P6± L 2 310 4 .160

'OUNi MO 4. 14.0. q9 L4.5 t. .5 13.5 0. .'5 15.50. .

IMMUNOOL04sULIN E. IU/ML 27`10 1. 3q 1qle t 107-

A/ SIGNIFICANTLY DIFFEKA34i F4W COU'rOL D003 (DUINKTT'S MULTIPLE COHI'AAISOI PROCIMURE).-

WINTISS AIR (HUN + STANDARD 13101. .1
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*AK 8

(C-iN CONTROL. T.N) TQLIATFD N aNIJM8C9 nr flflf

H OIEUVNOPHKLS. 6 0 IC 3.) 3. 0.2 (To 611.0 IT 1.3 1 0. (T 6

CR YNMOOC VU5. 6XI /'0 .04 t .9 S3.45 ~ .11 S4 .6 3.1 .?4..5 - 2.18-

WINZ ODIS. S 0.,0 1, 0.00 0.0 0 4.00 1.0 0. 0 4 .4 .3A

COIOIIS .34 L .2 3.07 o .04 .60! ~.1.9 2.11 66

HE A,&)IaI4IVLS. 1 0.0 L 0.. 0 43 .3 0.0 0,.0 2. .0 0.0 o 0.0

HEMU lCY1Tge ON. S. 0.S.5 .314 .4 .15 1.0 0. .5 .6 0.

m At YP4EAnL .~ 1' 1.0 A . 0.0 ~.0.0 0.0 ~ . 0..0 ? .a .0

4Co UCLAPOIC. M q0N. 0. .0..01. 9 .6 0. . 0 3 .6 ?.A 8.1 .9

MOWTN ?M. MC0 RONM. 24.3 .3 6. 0. o~ .5 10 .4 A1.2 0 .3

0LJ0C IANI . M 1 304.1 3.1 933.1.21. 4 2

PLTLT IX. /M.9 21.3 I.3 p3.5 . 6 I2.5 . 2.

~~~~ 3 7 " ~ 3
LIUSFO4IFZAT9* 11 1 1143 01 0 11,1 A l 1. .

ILTOHL-' i.Ot . 6. 6 20 33S. .
IYPOYF-7961 97 341. .

R-- - -1 o) . 00n- -. 3 . .



TABLE 9

LABoRAToRy DýATA 01 KAI# DOGS Aj~na ADSINlIZ5ThATION Of 2.4'-MlW F01_9 MN6THS

(r.t', COTROL (T.Nl TPOIATF.I) N uNUMIHEA OF DOM.

Oi)f395 'Jfl/~.(k/QAY 0 lC. h)( 0.2 (7. 61 2.5 it. S) 10 (T. 21

EI*rNAfCYCS (X1iJ MeM 1 -1.O 1 .12 %.3 .1d -b ',36 - .6%k S.98 -- .k

ItUOC~¶ .444 .15 .1 .9 .57 ±. .11 1.39 ± .47

HIMATOC~tt. VOL# F 6, 1.0 49.3 ± .1 45.0 .4 42.0 e 3.0

HEpMOOL04IN6 Om. 16. t .3 15.4 .4 15.7 ±. .3 141 1.4-i

N6~4.O3LM'.~0.0 0.0 0.0 9 .0 .9 h 2.d8 .3

"eye. Cul~i' .11C0oh.i 716 I 72.d8 .4 70.8 .9 ?9.3 14i

ACmHH. ImtC~f mjio-h e5.3 P 1 407 1, .1 24.? z. .3 29.2 ± .2

mcI4'co ON 0 J5.3 . . 33.4 1 .1 34.9 1 .3 33.5 -91/

PLAIFLETS ''1' 4 m-1 2.3 & 12.2 -* .2 2.6 -- .2 3. -01

LEUKOCYTVS 1110 1 Immll 12.h 'T .7 3.1 OlA 10.0 t. A.3  10.9 1 .9

U-hljLd Ii.Y 2.4 61.3 3.2 60.0 1 .A 63.S i 6.5

YUM(YF.434.3 10 IS.A e 2.7 33.6 1 .4 28.9 L 7.9

IIANG5. 4 .2 .2 0.0 to '4.0 0.0 ±0.0 0.0 1 0.0

FOSINOPIWILS- l 5.5 1.A 2.5 & 4- .8 e 1.1 7.0 ~,2.0
160.3 a, q(,0 0h4 1 0.0 0.0 1 0.0 0.0 0.0

1.3 L ~.3 .2 .5 1 .2 1.0 e 1.0

alDCL. .0 ±0.0 0.0 e 0.0 0.0 -* 0.0 0.0 e 0.0

EuLA1V) waC. A . ± . 0.0 e 0.0 0.0 :t 0.0 .9 SA.9

CL3)TIP.4A TTP4. 1'P.. *'. 39.3 1 46 ..9 1A . ± .

3.LJIS forAST141i). t 41.7 ?, .3 45.8 -- 1. 4.2 t. 1.0 90.0 ±1.0

i~r JLeý.s 5.2 20.8 1.4 . 27.2 1, 1.6 43.5 L 215.S-

Soo'r. TWOL.1. 3q a. 24 t' ± 172 z. ali

AL'K. W4"9., 72 . 2 t39 1

ZMAMUNOAL'0'UL42 E4 1J."L 00 93')0N 16

/SIGNIFICANTLY DLYVI.UT FROM CONTROL DOGS (OUNNMK-3 MSILTZPLZ COHPAIILSON PROCEDURI).

UWJflS An HUMN + STANDARD ERRR.
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TASLX 10

L~cI~tft DTAof FUIAL 0935 M*11 hPIUZUTII Of 2. 4-M rot 9 lam~

(C.PdI CUNTLOL t?,m) 73(6110 '4 .NUMBER of 00610

0lSftZ A./llC3.'0i. . 0 (C. 6) 0.2 (T. 6) 1.5 t7. 04) (To . 61

CJYTkOCYTs- 1110/14- 6.44 0 £ .04 S. yd , .1? 1.70 1 all S.09 . ?V.

I(.I OL1'. 0.00 0.40 0.00 1 0.00 0.00 't 0.00 *84 ait

IO1TiCULOCYYFrS. Ik #A 04 .70 t oil .45 t .10 1.33 r .1,

iw~4jTOCQ1To VOL. 0 46.14z 1.1 42.4 L. W. 'v.a I 1. 60 ii

itLO1'.I.41b.*1 .5 16.7 L .6 14.6 .6 of 13.3 S,

.4.'*0L
1

*l .4 0.0 t, 0.0 1.3 0. -# 2.4 x

~CV. C'1C AIC'O-IS 'h1.0 .4 71.4 -a h. 73.6 4.1. h3i t1. zoo.

14CH.. #41C~J .4(C~oU*%. 46 0 .1 1462 . 242 .6.3 t 2

4rH.ICo 4- 0 5.0 0 .2 36.3 . .41 34v9 4. .3 3S.9 1.

OLA rfLF tSI )AIO 1~ 2.' 2,- .1 2.6 * .1 1.#j4 2 3 3.3 1 #1

LV11 V11,I I I 1 ,1Z

48.T~Jh.L,...2 .A 41.2 : 3.A fo2.3 2.2 03.5 s.a.

Lr .4POCýTP^, 3q.2 2.0 iS3~ 3.1 32.1 5 . 33.0 Z .4

~~A~ii3%. ~~ .2 2 .P 0.0 0..22 200 00

[O1N1Li-j* ±.9 1.1 6. .4 1.t .4 3.5 1.0

S0.0 0.0 t. 0.0 0.0 a 0.0 0.0 0.0

u~Ao:l..*. . .3 1.0 .9 .5 2. .3 1.0 1 .3

ATYOhI:A.. A ~ 0 . 0.0 &0.0 0.0 t 0.0 0.0 1 0.0

-)UCLEA7~tO -- Co 4 0.0 0.0 0.0 6. 0.)) 0.0 0- 0.0 .1 1 .1

CLUVTlNA 'Ig.- MIN. 16.A _1 P A.3 _0 411 9.1 t .4V 9.1 t

(JLUC1)SV (F4%Tl1nii ' 1 13.3 L 4 .A82 .t a 94:: 1 P:: 93.8 t 2.2

sr4pr. 11l.1/ 31.8 2,1 37.o r. 2.Z 50.3 i, 118.5 44.: 20 0.1

ALA -' - IL-/L 3V 2 P a2 ? 2 % P6 1

4
''. ~ ~13.7 13.7 .A 14.5 2 1.0 12.1 z .9

a1 Slov,71COMTLY 0Z7?Ua]r 73,91 CONTIOLDW 1005 (N I 'S ILTPLA CIVMOA11 PoCgu1).

DM?31 AUI 111AM STM &KND IM 0.

39



TAIS L I

LAIKATOKY DATA Of NALe DOOR AITEl ADHI4INISTIUATO OF 2,A-iDT FOR 12 MONTHS

(('.N) CONTR0L (TAU TREATEO N NIJMRE[R Or o0(0S

00DW MG/KO/OAY 0 (Co 6) 0.2 (To 6) 1.5 (T*1%) 10 IT# V)
6 3

ERYTH'OCYTE$ (XIO /Mm I 5.Q6 ..?2 5.33 #. ,16 S.69 - .19 S.22 +. 1i

met1"? ROI[0 o . 0.00 4. 0.00 0.00 2. 0.00 0.00 I 0.00 ,02 .371-

49TYCULOCYTES. A .40 t .09 .?A .13 .66 .11 1.23 L. .21-

HiMATDC(1T. Vnio. K 4.2 * Q 41. *. 1.2 4.7 * A 44.0 4. '.0 i

HEMUGLORIN, 0M. 9 19.1 %. .4 14.1 2. .3 14.4 2. . 14.2 * 1.2

METME4IOELOlVRIN. 9 0.0 4- 0.0 0.0 n..0 (( 0.0 0.A 0,0 . 0.0

M(CV CURIC MirCONSm 76.0 , .9 , 70,5 2. ,0 78.0 2. 1.8 04.0 4 '.,

MCHN*. ICRO 4ICROGM•. 2. 2. s$ a6.5 2 .1 .46.0 .,, 27.1 2. 1,3

MCNHCo 00 1 33.9 _. .3 33.A * .3 13.1 L .4 312,3 2_ .2
9 3 ,b/

PLATELETS (X10 /Mm 1 1.7 .. .2 1.7 t .1 IA, P.,, 3.3 2. 6-

LEUKOCYTES (XI0 IMM 9 90 2. .3 7.4 •. 1.S 9.1 .4 9,3 1. 16

NIEUTROPHILS, li 62.0 P. 2.3 94.3 4.2 Al,? 6 . 3.0 ?2,9 &. .9

LYMPHOCYTES. I 2.0 2. l,3 37.7 2' 3.5 13.2 2. 2.7 23.5 1.9

SANDS. A 0.0 2. 0.0 0.0 2. 0.0 0.0 2. 0,1 0.0 . n.0 .

EOI0NOPhMI.. 9 5.0 1. .6 3.0 2. .9 00 S ., .6 3.0 2. 3.0

HASORMI4LS. S 0.0 1). n. 0.1 non 0.0 0, .1 0, .0 2 0.0

'ONOCYTES, 4 1.0 . .' .2 & .2 .2 2.? . 1.0 2. 0.0

ATYPICAL. A 0.0 2. 0.0 0.0 2. 0.0 0.0 2. 0.0 0.0 2. 0.0

NUCLEAITEO RQC. '4 0. 2 0.0 0.0 2. 0.0 0.0 2. 0.0 0.0 2. 1.0

CLOTTINO TIME. 41N. 7.3 . ,3 10.1 2. .5 7.6 * .? ,., • 1.9

*ILUCOSE I(F "N(1AI, MG 9 V0.2 . 3,A 9l,2 2 2.2 1lz.7 2 2.1 47.9 . 5.5

SOOT* IU/L 28.2 ±' 1.4 25.5 t. 2.,• A9.7 2 3.u 2,0 9. 0

SGPT, IU/L 55.5 29.5 195.5 1.3 66.5 . 11.A 52.5 6.5

SALA. P140S., IU/L 25 2. 3 21 2. 3 37 ?. A 312 2+

RUN. MOQ S 13.2 2 I.A 14.0 2. 1.4 13.0 2. .9 13.0 - 2.0

IMMUNO0LOBULIN F. [U/ML. 1421 2. 31 1613 280

a/ SIONITICANITLY DIFPERENT MINe CONTROL DOGS (DUNfITTIS MULTIPI.E CO4PARISON PIOCEDURE).

ENTIIES 411 M• . STANDARD 3UO1.
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TAWL a1

"WRABMTO DATA, Of PUIALI DOGS aTh ADMUINZTRATZON Of 2.).-WIT FOR 12 MONTHS
ICON) CONMOSII. tv.Nl ?UEATTfl N .Ntimsfa nr flA%4

DASEI W'i('KOUAY ( C. 0) 0,1 (To A) 1.5 IT. 6) 11) (To A)

141EINZ AWIE415, A 0.0 L 0Don 0.0 t. 0.6 0.0 t. 0.0 .5 0.2

1191ICULOCYTti. 9. s39 .11 4 .6 ± 6.4 .04 I.1; ' .1 RE

HCHATocNIts VOL. as'.3 1.1 #Pao.t 7 1. 41.86. 1 .a'i' 4 0.A ha

MEMOLONI. GM 9.15.1 0 ~ 1. . . 13.7 1P.~ 0.9 a!'.

MIETHamOnLORIN, A 0.0 t A.0 .6 0.0 0,0 0.0 1 .0

"ACV. CLINIC MIC0~1N% 14. 1.0 10.7 1* I? 49.0 A 1. 3.5 ~59a
MCHO1. MIC00 m'4iCla'mb. 211.9 OF .7o t7. #5 29.3 .7 24.5 t l.A

Ac4tcW. -IM a 23.1 0.?. 33.7 6 3 .3P.6 .? .01.5 6,..4

OWAVLFTS Illin /Mm 1 ?.0 &. .1 2.3 ± .? 2 . ;. .3 3.Q* a

LEUROCVTES 1910 /MPM 1 113.6 . 1.3 10.0 ~ .4 9. 1. 0 00.0 .. .4

'kIjr40P'4tLS. 1 AE6.8 _6 3.0 p..3 L 64. 43.P ~ ?.7 A6.3 ti

LYbUPH4CYrF3, s P9.5 4. 3.5 37.9 4 .0 312±4.s 30.3 6. P.4

OJANDSo A. 0.0 4- 0.0 0.0 i.0.0 0.0 0.0 0.0 0. 0.0

EOSNO'41.S 53.2 ca .9.0 1.1 '10P . .I o .I IAinfPHLS, 'A n.0 o 0.0 (1.0 n 0.u Don0 0.4 0.0 0.0.0
11ONflCY7E5, A .11 o .3 .7 .2 .2 1? .2.s .3

AVUICAL. A. n.0 t, n.0 3.0 & 31.0 0.4 ± 0.0 0.0 9. '1.

SIUCLEATEDr -19C. 41 of o. P 3.0 -_ 0.0 0.0 u. (.f 0.0 ()0.a

CLOTT1hil tMIF. 4NI. 1.4 , .4 10.1 06.1 11 .0 0. .2?30

GLUCOSE: (FASRT141) ~1. % '02.8 P .4 79.1 0.'10. .A.? 45,7 :

IGOT. lulL 29.1 P .4. ?a.A P .q P7.3 1. . 1.3 0.1.8

SOT uL36.5 0 1.4 o3.5 4.3 3. 6.`1 ±1.2 %1.7 0.3

ALK. PNO.q0. 10)/L 7 P4 ~ 3 23 ~. 3 10 2

RUN- POO 0 11.7 .7 03.3 z.1.1 11.4 Jo H. 0.5 . .

IIMU4OOLON4I)LIN E. IU/ML 14A7 0. 1913 0.60

A/ SION111CICMfY DIF131V47 FROM CONATROL DOGS (DU0441TS !4ULTIPLE CONIPAIISOM PIOCEDIJOK).

I04ThZ35 All MILAN + STANDARD 91ROL
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LABORATORY DATA OF JIALE DOGS AFTER~ ADMINESTIArI11OF 4DT FOR 18 MONTHS

1C.N) CUNTROL IT-1R1 :12111 N *NUMPiEP OF MloIS u

Mcvi M/GDA lg4 J T 4) 1,8 2t. 4) 10(o2

ERYTHROYTES IIO /Mm 6-40 1 20 6.5 t .016.19 L .2 .1_ .1

HEIN CMIC8UNS 71.90 L 1.40 71.70 t. 1.2 0.00 : .0000L 0

PLATECLOYETS S~0/MI18 , . ..2? 2.3 63 .t .. 9 s .31

LEUMAOCRYTE VAOL /4 10.0 2 .9 87.2 1.2 8s.3 t .6 46.0 g 2.0

VMETHICYENG Is. A * ~53 33.9 &. .1 3.9 0 3. 25.1 9

SANDS 1UI 0IRNS7.0 1 .0 01.0 1 1,.2 0.0 t 0.0 02.0 1 .0

ECOI MICO NILS.~b 13.5 ,1.0 24.5 . 2.4 6.3 1 2.3 64.0 ± .

SASOPILmSA 9 0.0 0.0 04.0 t. 0.0 3S.0 t. 1.0 30.0 I .

MON XIOS f9 s 1. .s 2.0 Z .2 2.3 .2 3.5 9

BATY8CAL s 0.0 ±0.0 0.0 't 0.0 0.0 1 0.0 0.0 t 0.0

NULATED NSC. % . 0.0 0.0 06 00 0.0 0.0 0.0 ±b 0.0

CLOTTINS TIME. 41N. 6.. 6 2 8.9 ~.1.5 7.1 ~. .6 0.8 a, .8

MsO. fUlL 30.3 4. 3.3 25.3 a.265 40.0 1.7 44.5 ±1.5

SOPT. IU/L 44.5 .1 1.9 32.9 a 2.9 61.8 1 2.3 85.0 a,26.0

ALK. PHOS., hIUL 24 t, 5 30 6 31 ~. 4 34 10I

sUN. MO 4 13.8 t 1.7 14.0 't 2.5 13.8 g. .5 14.0 ±1.0

IMMUNOOLOWULIN C. IU,'ML 850 't 0 650 ±200

a/ 51041FICANTLY DtF7VW4T FROM CON4TROL DOGS (DUNNKTTS .'ULTIFLE CO4PAIISOII PROCEDU8ES).

Z1ITht1S ARE MW4 + STANDARD KFAQI,

42
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TAngA 14

LROUTORY DATA OrFM E294A A ROG IA41ILTBU4-R R1

IC*N41 CONT140L IT.N( TREAl(D N uNUMBER Or Ci00t

001(1 MGj'KG/UAY 0 I: 102(To 4) A,5 (To 4) 1.0 (
T
o 41

EftYTMNOCYTrS IXIO /MM 1 6.86 t .14 5.9.~ ~ .. .... .

HEINZ BODIES. S 0.00 s. 0.00 *.00 't 0.00 0.00 1. 0.00 0.00 0.00

REIICULOCYTESs .49 L .17 .57 L .1V .3% 1 .07 .14 .1

HCNATOCAIT9 VOL. 4 49.0 1 .9 43.3 t. 2.4 42.3 1.3 4S.S 1.8h

MEMOSLOSIN, ONM. S 07.4 1, 3 14.0 z. .jkt 15.1 1 .4 15.4 L. .6

MOV. CUBIC MICRO'NS fl.s 1 .8 73.2 t. 1.2 69.& t 1.6 
7 2.A 1 to

MCMII. MICRO MICR0ami. M~25.4 .3 25.0 2.5. 21.9 t . 4.4 ~. .0

MOCONS35.6 ..1 30.2 .31/ 31.8 1 .6 33.6 1 .31

PLATELETS IXIO /Mm 2.2 ~. .2 i.7? .9 3.3 1. . 3.5 t .1

LEUKOCYYES (I M 111 1699L 1473% . . .

N EUTROPHILS9 4 70g236. . 13t306. 4

LYMIwMQCYTCS* S 28.6 41.1 31.51 *~52 26.8 L 3.6 30.40 L 4.7

SANDS. lb 0.0 0.0 0.0 0.0 0.0 1 0.0 0.0 t 0.0

CUS1NOPHILSs A 2.6 .9 3.0 2.1.1 10.0 4.0 2.3 L. .6

SASOPHILS. S 0.0 't (.0 0.0 t 0.0 0.0 1 0.0 0.0 t .

"MONOCYTESq % L.S & .6 1.A L. .5 1.0 t .4 .3 t .3

ATYPICAL. 1 0.0 L, 0.0 0.0 t. 0.0 0.0 z a,* nl.0 t 0.0

NUOCtATED NBC# S .3 .3 0.0 L 0.0 0.0 &0.0 .3 1 .3

CLOTTINO ?IMEi MIN# 6.5 2. .5 7.4 £ 1.5 7.6 2. .3 9.4 1 .3

LI rOLUCOt'L IASTING). MG 4 01.0 2 .1 48.0 4.1 91.0 1 .4 93.3 Z 3.1

ScOTv lU/L 33.3 1.4 Z U.0 2.9 39.5 2. .9 62.S 2. 27.6

SOPT# JU/L 31.5 1 1.4 4~60 &5.3 43's 3.9 15.5 1 20.3

ALK. PHO.10. hIll/L 24 -- 2 24 t 939 21 2

SUN. O 14s 12.5 t 1.3 15.3 t 4.3 12.6 4 2.6 11.5 1 .6

IMMUNO*LONULN E# U.'ML 676 't 174 017 ± 67 131

A/SINIIC4T DI92NTFRMCM OLDOS DUN .' M-IPLtCWAt PlCU,,, . . . .~ .-



TABLE 15

LA••RATORY DATA Of MALE DOS AT!R -ADMINSThTION Of 1.4-DNT FOR 24 MONTHS

(C9N) CONTROL (T.Nl TREATED N u NUMiER OF 000)G

OUSE| M4/KO/DAY 0 (Cs 41 0.2 (1, '.1 L.5 ( 41 10 IT# 2)

S3
ERYTHROCYTES (XIU /NM ) 5.A6 L .1% 6.11 .27 S.87 * .2Z 6.6S * .51

PIEINZ BODIES, 4 0.00 . 0.00 0.00 t 0.00 0.00 t 0.00 0.00 • 0.00

RETICULOCYTES9 ..73 . .14 .75 t .19 .62 . .16 .49 . .05

HENATOCRIT9 VOL. 1 46.3 t 1.3 65.0 1 1.3 44.0 : 1.s 46.5 1.5

HEMOGLOBINe ON. I 1s.5 & .6 14.9 .6 14.7 .*6 16.3 • .8

METHEMOGLOSIN. 9 0.0 • 0.0 0.0 • 0.0 1.2 ..7 1.4 4 1.4

MCV. CUBIC MICRONS 78.9 ' .7 73.8 ± 1.3•/ 75.0 ..3 73.2 z 3.4i,5

MCH6. MICRO MICROGNS. 26.5 • ,* 24.4 2 , 25.1 £ .• 24.5 al

MCHC. GM 1 33.5 ..3 33.1 S .5 33.5 • .4 33.5 . .7

PLATELETS ixI0 /mm 2.1 .2 2.0 . .1 2.3 .2 3.0 ~. .4-E/
3 3

LEUKOCYTES (X10 /NM 11.7 ± .18.9 .64 11.4 ~ 4 6.5 ±. .1

NEUTUPbHILS. % 60.1 ± 3.9 63.0 • 4.0 58.5 3.3 S4.0 • 2.0
LYMPHOCYIES* A 34.8 2 2.7 33.5 ± 3.9 37.5 • 3.2 40.5 I. 1s

8ANOS. S .5 . .5 .3 :L .3 1.3 1 .6 1.0 • 0.0

EOSIMOPHILS. S 4.0 o 1.5 2.0 8 .7 2.8 ..5 4.5 8 .5

IOASOPHILS. %. 0.0 ±0.0 0.0 ±0.0 0.0 ±0.0 0.0 0.0
4ONOCYTESI S9 .3 ± .3 1.3 • .s 0.0 • 0.0 0.0 € 0.0

ArYPICALI % 0.0 0.0 0.0 0.0 D.0 0.0 0.0 . 0.0

NUCLEATED ROC. ..3 .33 3 .3 0.0 t 0.0 0.0 • 0.0

CLOTTING TINE. 4IN. 6.1 ..2 7,4 • ,* 6.6 • .4 7.0 ± .3

GLUCOSE (FASTING), MG 4 97.8 t 6.8 91.0 10.4. 84.5 s 4.5 81.0 , 3.0

SOOT. ILu/L 28.5 8.4.1 2S.3 t 4.4' 27.8 1.4 29.1 1.5

SOPT, IU/L 51.8 8 13.8 34.8 ; 2.8 9S.8 • 20.3 67.5 t 15.5

ALK. PHOS.. IU/L 20 L 3 20 4. 28 ± 6 27 ± 5

e sp. 9. S.0 1.0 (a) 4.5 ~. .5 421 5.0 ± .6 131 7.0 (1)

BUN. MG S 17.0 L 2.1 17.0 ± 3.6 15.3 £ .6 1s.5 ± .5

IMMU5lO(A.OBIN ff. IU/ML 1863 4- 160 975 22.a./

a/ SIGNIFICAMILY DtPPYRKT FROM CONTROL DOGS (DUNETNT'"S •UT•TPLE COMPARISON PROCEDURE).

ENTR[ES 411K ENA + STAM'DARD ERROR,

44
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TABLE 16

LAIORATORYV DATA Of IF0ALX 0008 AFTER ADKINISTlATON OF * 4-OINT FOR 24 %ONTNS

(CN) CONTROL (T,N) TREATED N • NUMBER Of DOes

DOW: NO•MKIG/DAY 0 IC. 4) 0.2 IT7 4) 1.3 (T, 31 10 (IT 41

ERYTHROCYTES (X0 INN) 6.32 & .06 S.78 ±' .21 S.70 t .15 ,.t3 1 .41

HEINZ BODIES. 0 0.00 , 0.00 0.00 1 0.00 0.00 ! 0,ov 0.00 1. 0.00

14[TICULOCYT7S3 % .36 1. .12 .2S t. .02 ...G .03 is - .10

HEMATOCRIT. VOL. 1 48.3 t. 1.0 |1.t 1, 44.3 t. .T 47.3 1. 2.7

HEMOGLOSIN. ON# S 16.4 .3 14.2 _. .6 14.9 a. .2 16.1 1. 1.1

)4ETHNEMOOL.IN9 1.0 a. 1.0 0.0 t. 0.0 1.4 ±.A 2.0 ± .4

ACVt CUBIC 14ICRONS 76.4 *1.1 .9 t. 1.4 77.9 t 1.6 72.5 a. .9

NCHNI MICAR M]CROGNS. 20.0 t .4 24.6 t. .9 26.2 & *6 24.7 a .2

MCOIC. 004 % 34.0 a. .4 34.1 L. .1 33.6 t .2 34.1 a. .6

PLATELETS (910 /MM4 2.5 .t .2 2.9 a. ,4 3.z & .5 2.) a. .33 3
LEUKOCYTES (X10 /1Mm , 11.6 1 1.7 12.4 I,4 * .4 ,I 8.1 *.3

N'UTRUPHILI, 4 57.5 5. 5.3 56.3 a. 3.3 56.3 *- .*3 49.0 a. 1.7

LYMPHOCYTVE4 S 39.0. 4.9 42.3 . 3.9 40.7 •2.9 46.5 -* 1.4

SANOS. 1 .3 &. .3 0.0 a 0.0 0.0 . 0.0 0.0 _ 0.0

COSJNOPH+ILS, 4 3.0 a. 1.1 1.5 a. .9 3.0 a1.5 4.5 a, 1.0

BASOPHILS* 1 0.0 t 0.0 0.0 a. 0.0 0.0 a. 0.0 0.0 a. 0.0

MUNOCYTES* S .3 . .3 0.0 a. 0.0 0.0 ± 0.0 0.0 ;L 0.0

AT•PICAL#, 0.0 0.0 0.0 0.0 0.0 t. 0.0 0.0 t 0.0

NUCLEATEO &(OC. 4 0.0 a. 0.0 0.0 a. 0.0 .3 t. .3 0.0 a. 0.0

CLOrTING l"IE. MIN. 5.6 * .1 7.9 * .1 6.2 a. .t 5.8 1 .1

GLUCOSE (FAST:NOGI 40 S 92.3 a 4.1 94.S a 4.4 6.0 t. 4.4 91.3 S. 3.7

SOOt. IU/L i23.3 , 19.% !, .10Z6 a.0 .. 0.011 25.0 't 1.0

SOPT. IU/'L 32.5 . 3.6 29.8 t 4.5 2/5.7 . 2.3 30.3 :t 1.4

AfJ.K PWOS.. WU/L 2' S. 2 2! ,. 3 36 a. 12 26 z. 3

@So# S .65 1 .5 ' 1) 6.5 9" (2) 4.0 II) 6.0 t 1.0 (2)

U b M 14.0 t. 1.8 15.5 a.1.3 13.? 1.6 (2.5 a.1.0
I OhoaommN S, zu/m. 1W3 t a94 1766 * 224 3)

S�I/ SK•G•WFICATEILY DITIEINT FROM COT01,L 0001 (DUMl6I1TT7S MULTIS C4HPAARION PROCEDUIE).

ENTRIES All MEAN 9± SMDARD ERROR.

45I U
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TABLL 17

LA~AOYDATA OF MALE DOGS AFTER ADMIINISTkAT1O:; 01 ý. 4-DT I'M 1;' MONTS AND ALLOING TO RECOV'ER FOR I MONTH
LAO4TOY I . :~'n .* ~C~l Ni'

M
li(. OIF rinlr.s,

Aose: m0/.G/o,h (0 1 C. 1 I20 ~ ]~(,3

AETICULnCYTFS.9 .60 7

0.0 0.00.0

mcV. cuRic MICRONt.p 6 ~.
MCI.. MICl4(. HI6C"s P/ .12.
wcniC. A" .'-3.1i,.!3.

PLA7ELFTS cast /MMj a. P0'

L0UPCOCYEr, fAr, IMM i(. 1

SNEUTROD-1LS.4 ?. f, 0-h.
0 uO

LNM NCCYE%, 4 '44.' (1t 7,

FIANflO 4 0.0,00 .

E05I NODNiI LS 1- 301 (. 3.0

PASOUICLS ('.0 0.0 .

4LTIC TlOE ml.0.0 10.0

GLUCOSE I(FA 143N if;) Mt V z)?.u( 97. 90.0

S0074 BIl/L Pd.f ?. 0 a.0 n

5(11'. IL,/L 31.37.0 *6.0

ALP,*PO. *IILi C 25

BUN. -AA 4 .f1. 10.0 - 1

46I
M UM.I= n*~



TABUE 18

jAORTOY DATA 0 R. OSAl UINIIRTON OF 2.i-t*T P01 12 HWMII AND ALLOW ISMP FORI OR I0 WDO0~

103E MC,/'KC~l..ilyC 2 0 (T. 13 2 1 20 i?. 11

~42'2 ooP4~.00 0.00 0.00 0.00

PETICULOCYTrS. 9 71 .07 1.2k 0

HEMATOCIJIT. VOlL. W ? 46.6 66.0 42.0 1
0M14NOGO-IN. 0"1. 0 1511922.5 24.9

MIEb4MOP.ALOUIN., (1.0 (i00.0 0.0

'COCjI Alw ~ 1470.? '.8.0

MI CS. MuICROm2cwnNM k'.1. ?4'3.7 23.9

MeMMC. Am 0 33.#. 3?.f 33.? 14*9

0LAIFLFTS1X *m30 1M 3.3 3.m a..-.

LEUftOCYT'.S (X~fn M Im.4 11.4 30of 8. 011

L~C~~3..*13.0 ?b,33 26.0 35.0

~s'fl.~0.0 .0 0.0 0.0

~O~NU01.'. v . 2.0 0.0 1.0

6A0~L%6 .0 t.0 0. r 0.0

M0NOCYTES. 4 0.0 1.0 1.0 1.0

&TYPICAL, * 0.0 0.0 0.0 0.0

NUCLEAT0D J4'C. '9 33.0 0.0 0.0 0.0

CLOTT2I.A TIME. M3IN. Ild. 1(1.0 10.0 1.

OILUCOMO 3P~fIN7Pd0 MI U3.0 IlW, CIS.,0

$001. IU/L k.331 . P*.4 29.0

5G07. IV/L 31-.0 92.0 36.0 31.0

Who. MO 9 10.0 10.0 b.0 10.0

ALK (MS .I / 5 p? ?I

147



TABLE 19

LABORATORY DATA OF IALr DOGS AFTER ADMINISTRATION OP '.4-DNT FOR 24 HONTHS AND ALLO'lNC TO R)ECOVER FO I tO:!TH

IC-N) CONTROL IT.N) TREATED N . NUMBEP Or rO4

OOSE, MG/KG/DAY 0 (Cl 2) 0.2 (T, 2) 1.5 (1. .) 10 (T. 1)
.6 6

ERYTHROCYTES (81o INM ) o• - 44 q .9 6.t L .68 %,.9 0 .01 6.31

HEIZ bODIES. O._• . 0.0 0.0 - 0.0 0.0 • 0.0 0.0

RETICULOCYTES, 1 .3 t. .4 .71 1 As .14 1 .03 .26a/
HEMATOCRIT9 VOL. 4 43.6 5 .s 47.0 a 4.0- 37.5 # 2.5 62.0

HEMOOLOIIN. G.4. 15.6 ± .1 17.0 t 1. 13.8 1 .3 1S.3

METHEROGLOSIN, I 0.0 ± 0.0 0.0 L 0.0 .9 t. .8 0.0

ICY. CURIC MICRONS 67.1 ± 1.1 68.9q 4 1. 63.6 a '.3 66.6

ACHS9 141CRO 141CRO606. 24.1 ± .5 25.0p L .1 P3.3 t .6 26.2

MCHdCi GM S 35.9 p 42 36.2 L so 36.8 ± I. 36.6
S 3

PLATELETS (XO /MM 1 2.7 ? .2 2.0 t .1 1,7 • .1 2.1
3 3

LEUKOCYTES (XO /Mm I 11.0 ± 1.1 7.0 & 1.1 12.b 1 3.2 9.0

NEUTROPHILS, a 2 .S .4s .02.6 9.0 76.0 .8.0 79.0

LYMPHOCYTES. 6 15.5 ± 2.6 29.0 6.0 16.0 5. 60 20.0

RANOS1 1 0.0 ± 0.0 0.0 t 0.0 0.0 1 0.0 0.0

EOSINOPH1LS. 6 2.0 _ 2.0 6.8 # 2.! 3.6 ± 2.5 0.0

NASOPHILS, 1 0.0 ± 0.0 0.0 2 0.0 0.0 L 0.0 0.Q

14ONOCYTES. 1 0.0 0.0 .5 6 .5 ± . 1.0

ATYPICAL. s 0.0 2 0.0 0.0 1 0.0 0.0 1 0.0 0.0

MUCLEATEb ABC. S 0.0 & 0.0 0.0 ' 0.0 0.0 & 0.0 0.0

CLOTTING TIME* MIN. 6.5 .5 5.6 ± . / 10.3 ± los s0.

GLUCOSE (FASTING)i MG 0 105.0 2 1.0 99.0 ± 2.0 96.5 1.6 106.0

SWOT. ]UtL 13.S 1 1.6 24.6 5 3.6 / 24.5 2 6.5- 21.0

SOPTe ]U/L 38.S t 4.6 29.0 sO 66.5 40.5 40.0

ALK. PHOS.4 IU/L 14 s A 19 a 9 26 - 6 20

BSPI I 4.S .5 7.5 t .5 6.0 1 1.0 7.0

SUN. MO S 8.6 1.6 12.6 1 1.5 lO.6 z .5 12.0 1
IIOm 01oInoOE t, luIm 975 t 238 300

1/ SI1FIcANTLY DIPPIUNZWF304 CONTROL DOGS (DUNETE'S MUJLTIPLE CC(MPARtSM PROOZOURV.

NIWTIES AE MEAN STANDARD ERROR.

48
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H TABLE 20

iJLASORATmkY DATA O 4AJDOME AITtl Af4 ft3IA7W ? .OKpona., A Mu ALLWNII 'TO UicV 101 1 %2UIM

IC#NI CONTROL (T.N) TREATED N .NUMBER Of 006S

D0OW WWD.'AY a ice 2) 0.2 (To 21 1.5 (7. 11 10 Il, 2)

1RY7I4ROCYTII 4910 loom 1 6.92 a, .63 0.10 & .61 0,1S3' 0.19 & .s0

KEIWI 000151. S 0.0 a 0.0 0.0 t, 0.1 0.0 0.0 &, 0.0

R EVICULOCYIII. %1 .061 & .13 1 .03 & .4 1 . 15 .33 & 0.0 0

MIMATOCRIT. Vol.. S 47's L 0.5 41.0 L. 4.0 47.0 42's L. 2.8

HMEUOLS01N. 60*4 S 17.3 L 2.1 30.0 t 3.2 10.9 15.k a. 1.0

NMEYMEOOL@SN.N 1 0.0 1. 0.0 0.0 t. 0.0 0.0 0.0 ±t 0.0

MCV. CUBIC MICRONS 60.44 1.2 73.? L .? 2.0 *6.5 1. 1.9

"MCHO* MICRO H3CROG04s. 24.0 .0 20.2 & .2 21.9 24.3 t. *9

NCHOCO ON 0 36.2 .6 31.6 .5 30.0 35.4 .4

PLATELETS (XI0 /04 1 .1. a. .n .3 £ .2 3.0 2.0g. *
LCUKOCYTES (X10/N IM 11.1 a.1.4 9.? a.3.1 9.5 10.1 a 1.0

NEUTWUPHILS. %, 10.0 & 4.0 71.0 a. .0 74.0 09.0 g.11.0

6vpOYEq141.0 ± 3.0 26.0 't 3.0 23.0 24.0 a,12.0
0.0DS 0 4 0.0 0.0 t. 0.0 0.0 0.0 0.0,

[OUINOPHIL1. S 3.0 1.0 1.0 t. 0.0 2.0 2.0 a.1.0

"IAl5hIILS. S 0.0 0.0 0.0 L , 0.0 0.0 4. 0.0

MONOCYT9S, 1, 0.0 a.0.0 0.0 't 0.0 1.0 0.0 a,0.0
ATYPICAL, S 0.0 L. 0.0 0.0 o0.0 0.0 0.0 a.0.0

NUCLEATED NB445, 0.0 L. 0.0 0.0 a.0.0 0.0 0.0 t 0.0

C LOTTING TINE, MNI. Set, t. .5 7.0 1 0.0 6.~ 11 A.S 1.0

GLUCOSE IFASTING). MG 0 95.5 ± . 94n.sa 4.%3 103.0 301.0 ~.7.0
lOUT. IU/L 18.0 0.0 23.0 a.5.0 16.0 35.0 a. 11.0

SSPTo IU/L 27 .15 a 3.3, 2.s.. &A. . 37.0 47.5 a 7.9

ALK. P4401., IU/L 27 a. 4 It a. 44 23 0 10

ISPI lb $.0 a.1.0 5.5 a .1, 4.4) 1.1 .0

SUN. MO0 S 31.0 a 0.0 6.5 a. .5 10.0 9.0 't .5,

IIIMIOGLIIIIN f. It /ML $00 ± 05 ~

li 51Kr1Asr "D7ERET FROM CONTROL. DOGS (DVNNMETT MULTIPLE COMPARISONS PROCIDURE.,

'NThI~I AREt MIMI STANDARD WROR.

49
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TABLE 22

SUMMkARY OF LESIONS AND M/E RATIOS IN DOGS GIVEN 2,4-DNT FOR 12 MONTHS

Dosage (mg/kg/day): 0 0.2 1.5 10.0
Dog No.: 161 162 173 174 185 186 198
Sex: M F M F M F F

Treatment-Related Lesions /

Liver
Bile duct hyperplasia

_ PL.-p e dAeposits - --

Other Lesions

Lung
Parabronchiolar lymphoid

hyperplasia 2
Granuloma 1

Liver
Parasite migration scar 2

_ Latty _hanj-
Pancreas

Mononuclear cell foci -

Stomach
Gastritis

Intestine
Ascariasis 1

_Lymphoid.hy-pe.rlasia
Kidney

Prostate
-- ocal interstitial prostatitis
Pituitary

Colloid cyst
- Mononuclear cell foci
Adrenal Gland

Focal fattZ chan&e_ 2
Lymph Node

- s I nophii c. r.anuloma 1

Spleen
-Accemsser sp~leen

Eye
Uveitis

Bone Marrow Smear
11.ErLat.io 2.2 1.7 1.1 2.3 1.1 1.2 1.3

Tissues not listed were normal.
1/ Severity of lesions: 1 - mild; 2 - moderate; 3 - severe; 4 v •very severe;-

+- questionable; X - present.

~ -
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TABLE 24

SUMMARY OF LESIONS AND M/E RATIOS IN RECOVERY DOGS GIVEN 2.4-DNT FOR
12 MONTHS AND ALLOWED TO RECOVER FOR I MONTH

Doaage (mg/kg/day): 0 0.2 1,5 10.0
Dog No.: 159 160 171 172 183 184 196
Sex: M F M F M F F

Treatment-Related Lesionsa-/

Liver
Bile duct hyperplasia 1

- Pigment deposits 1 - -
Kidney
-- P. .nt dAePosits 2

Other Lesions.

Lung
Parabronchiolar lymphoid

- y~erplea-ia _-
Liver

Patty change 12
- jortal inflamtion 1 1
Salivary Gland

-anonuclear cell foci 1 - - -

Intestine
Lymphoid hyperplasia 1
Ascariasis 1

-- gstodiasis 1

Kidney
Fatty change 1

Pros tatse.

Focal interstitial prostatitis 2 1
-y-e p-a-i- 2

Thyroid
Chronic lymphocytic thyroiditie 4 4
Admnom _2

Adrenal Gland
FajttX lhn&e.-.-.-.-.- .......................

Spleen

_semoiouiderotie 2-a-que_ I
Epididymis
-- pithelial vacuolization 1
Bone Marrow Smear

r_ o. 1.9 1.7 1.3 1.5 b_ _b/ 1.6

Tissues not listed were normal.
a/ Severity of lesions: 1 - mild; 2 moderate, 3 - severe- 4 - very severe;

± = questionable; x - present.
./ Smear not readable.
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TABLE 25

4BBOLUTE AND KIATIVE ORGaN WEIGHTS OF DOGS 01VEN 2.4-DNT FOR 24 MONThS

Terainal

Do"e Doa Body Weight Absolute Organ Waighe (2)

0 131 12,1 87.4 90.9 354.8 64.1 05.0 1.63 0.09 0.73 14.2

0 132 $.7 77.0 61.0 273.2 38.2 26.2 1.26 0.08 0.52 1.631
0 173 12.2 86.4 100.0 308.4 54,1 LO0.5 1.19 0.08 0.93 17.5
0 154 1081 76.0 91.5 318.8 55.4 725.8 212. 0.07 0.61 1.01
0.2 163 14.8 $L.3 108.3 383.8 60,8 L40.3 1.25 0.07 0.89 t6.7

0.2 164 10.6 83.9 64.0 389.3 55,8 51.5 1.77 0.06 0.05 1.43
0.2 165 13.7 74.3 112.3 339.1 61.2 83.4 1.33 0.07 0.63 19.2
0.2 166 11.6 87.0 73.3 309.6 47.0 19.9 1.43 0.08 0.40 1.89
1.5 175 8.8 71.7 68.9 232.2 49.53 8.0 1.04 0.04 0.50 15.7

1.5 176 7.7 81.0 60.3 263.9 43.7 52.6 1.22 0.07 0.52 1.54

1.5 177 11.4 71.0 15.4 284.8 53.0 80.5 1.3 0 0.06 0.92 16.5

1.5 1SO 7 .6 78.9 63.1 242.7 47.0 39.9 1800 0.06 0.37 1.0
10.0 154 8.0 73.0 80.9 503.4 45.2 70.5 1.48 0008 0668 1.31
10.0 189 11.2 74.0 94.8 312.5 9.4 75.5 1 0.9 0.06 0.91 16.9

10.0 190 1012 74.0 86.7 309.2 55.5 72.2 1.6 9 0008 0.58 1.14

Dose Dog Relative Organ Weiaht (it/kiz body weight)

0 151 7522 7.51 29.3 5.30 7.02 0.135 0.007 0.060 1.17
0 152 8.85 7.01 31.4 4.39 3.01 0.145 0.009 0.060 0.187

0 153 7.08 8.20 25.3 45.3 8.20 0.098 0.007 0.076 1.43

0 174 0.56 9.06 31.6 5.49 12.48 0.223 0.007 0.060 0.100

0.2 173 5.51 7.32 26.0 4.11 9.68 0.085 0.005 0.060 1.13
0.2 164 8.10 6.04 36.7 5.26 4.86 0.167 0.006 0.099 0.135
0.2 165 5.42 8.20 24.8 4.47 6,09 0.097 0.005 0.046 1.40

0.2 166 7.30 6.32 38.9 4.05 1.72 0.123 0.007 0.041 0.163
1.5 175 8.15 7.83 26.4 5.43 6.59 0,118 0.005 0.057 1.78

1.5 176 10.52 7.83 34.3 5.68 6.83 0.138 0.009 0.068 0.200
1.5 177 7.11 7.46 25.0 4.69 7.06 0.115 0.005 0.081 1.45
1.5 180 10.38 8430 31.9 6.18 5.25 0.132 0.008 0.075 0.197

10.0 188 9.13 10.11 38.0 5.66 8.81 0. 185 0.010 0.085 0. 164

10.0 189 6.61 8.46 27.9 4.58 6.74 0.133 0.005 0.081 1.51
10.0 190 7.25 8.57 30.3 5.44 7.08 0.146 0.008 0.057 0.112

Dose Dog Relative Organ Weight (t/a brain weiaht)

(m/ady NoL. K~f L iL .dney Sploon &AXJBEA P1&it.uitr Thyroid Testis Ovar

0 151 1.040 4.06 0.733 0.97 0.0186 0.0010 0.0084 0.163

0 152 0.792 3.55 0.496 0.34 0,0164 0.0010 0.0068 0.0212

0 153 1.157 3.57 0.626 1.16 0,0138 0.0009 0.0108 0,203

0 154 1.058 3.69 0.641 1.45 0.0260 0.0008 0.0071 0.0117

0.2 163 1.329 4.73 0.746 1.72 0.0153 0.0009 0.0109 0.205

0.2 164 0.745 4.53 0.650 0.60 0,0206 0.0007 0.0122 0.0166

0.2 165 1.511 4.56 0.824 1.12 0.0179 0.0009 0.0085 0,258
0.2 166 0.843 4.25 0.540 0.23 0.0164 0.0009 0.0055 0,0217

1.5 175 0.961 3.24 0.690 0.81 0.0145 0.0006 0.0070 0,219

1.5 176 0.7" 3.26 0.540 0.65 0.0151 0.0009 0.0064 0.0190

1.5 177 1.051 3.52 0.661 0.99 0.0162 0.0007 0.0114 0,204
1.5 180 0.800 3.08 0.596 0.51 0.0127 0.0008 0.0072 0.0190

10.0 189 1.108 4.16 0.620 0.97 0,0203 0.0011 0.0093 0,0179

10.0 189 1.281 4.22 0.694 1.02 0.0201 0,0008 0.0123 0.228

10.0 190 1.181 4.18 0.750 0.98 0,0201 0.0011 0.0078 0.0154

54

• - ... ~ ~ ~ ~ .- .. ...... '



*1 .A I I I I .I MI I I I

I i I I II I

O •I I I II I I I I

-eI I g III I I I

I I I

ii ~II
-4 I I

I I I II
,, I I II I '- ,' 1

I. .4 I ,,1 N,, l - 1,4

i I I I

-4 I . I I I

I I I II I

N- I :

II•". . l

•1I l l I I I I I I I



I I I I I III I I 
I I---. I..

.. I .. I , I I I II -

I I II I I I II 
I.

StI
I I I II .lI 1 

.I I

I I II _ _ _

II al

I III 
I 

I

i 

I

N I

I AI "I "I 6i

I I I m 41

7,--6 I

I ' I I I '

I. I I ,,., II

I -dI 
-i 

.II '

I I 
II 

I I °

" In I I I I II

I 
I I I U I

I
I I I 

,I 
I I I I*

I I II U , - "N

I I I I I I 
..

I 31

.,,,,I I I Il I 0' e. OI I I,1 l O

,I wi iI l I , I• I1 ,I l l ,.l ,ll OI

I 1 qI I I ml I.I .
I'I •

It l i. i , I I 
i , l l

A-- i.. .. . . ' ... ii 
' i i i . -,--



TABLE 27

ABOOLlUTl AND RITATV1 ORGMk wEIG)ITS OF DOGS GRVM4 2.4-ONT FOX 24 MOMKpS AND

ALLMEED TO RECOVER F01 I M9OH

TemiunaI
Dole Dog Body We.LCht Abuoguli Organ Watiht (it)

0 155 11.3 70.7 89.6 246.9 35.3 60.0 0.92 0.08 0.53 15,7

0 156 9.4 78.2 71.! 270.9 43.4 46.6 1.31 0.07 0.79 Oo8
0 157 12.2 84.6 107.0 308.5 59.5 65.0 1.05 0.10 0.49 18.0

0 158 9.3 75.0 53.0 340,0 49., 83.7 1.65 0.07 0.94 '6.26

0.2 167 10,t 76.7 102.8 '433.7 61.0 51.3 1.73 0.06 1.04 22.7

0.2 166 10.4 73.9 85.7 759.2 46.4 58.6 1.35 0.06 0.61 2.09
0.2 169 15,0 71.4 122.1 389.2 65.6 57.7 1.61 0.09 0.M 21.8
0.2 170 10,2 77.6 83.9 274,7 51.8 80.6 1.90 0.07 1.29 1.44

1.5 179 11.6 79.0 100.0 329.9 57.3 18.3 1.43 0.08 0.74. 19.0

1.5 181 10.7 74,.4 80.8 289.0 54.7 66.2 1.25 0.08 1.02 12.3

1.5 182 8.4 72.2 65.3 271.7 38.2 17.9 1.28 0.06 0.64 1.38
10.0 192 8.1 69.3 73.2 241.4 37.0 68.3 1.21 0.06 0.&4 n.85
10.0 193 12.4 75.3 103.8 329.8 57.4 90.0 1.39 0.07 0.85 16.6
10.0 194 7.7 81.5 73.8 213.2 41.5 39.7 1.22 0.05 0.61 0.98

Dose Dog Rt.ltive Orai.n Waeiht Wk/si body weihc)

0 135 6.26 7.93 21.8 4.89 5.31 0.081 0.007 U.047 1.39
0 156 8.;2 7.61 28.8 4.62 4.96 0.139 0.007 0.084 0.094
0 157 6.93 8.77 25.3 4.88 5.33 0,086 0.008 0.040 1.48

0 158 8.06 $.70 36.6 5.31 9.00 0.177 0.008 0.101 0.243

0.2 167 7.10 9.52 30.9 5.64 4.75 0.160 0.006 0,096 2.10
0.2 168 7.10 8,24 24.9 4.46 5.63 0.130 0.007 0.059 0.201
0.2 169 4.76 8,14 25.9 4,39 3.05 0.121 0.005 0.061 1.45
0.2 170 7.61 9.22 16.9 5.08 7.90 0.186 0.007 0.127 0.141

1.5 179 6.81 8.62 26.", 4.94 1.59 0.125 0.007 0.064 1.64

1.5 181 6.95 7.55 27.0 5.11 6.18 0.117 0.008 0.095 1.15

1.5 182 8.60 7.77 32.3 4.55 2.13 0.152 0.007 0.076 0.164
tO.O 192 8.56 9.04 29.8 4.57 8.43 0.149 0.007 0.079 0.105

10.0 193 6.07 3.37 26.6 4.63 7.26 0.112 0.006 0.069 1.34
10.0 194 10.38 9.58 27.7 5.39 5.16 0.127 0.007 0.019 0.127

Dole Dog ReaILiy Omu•a Wigiht J"/J..Amritn voelht)

0 153 1,267 3.49 0.7I2 0.849 0.0130 0,0011 0.0073 0.222""0 1.56 0.914 3.46 0.555 0.596 0.0168 0.0009 0.0101 0.0113
0 1.57 1,263 3.65 0.703 0,768 0.0124 0,0012 0.0058 0.213
0 1.38 0.707 4,.5,1 0.659 1.116 0.0220 0. 0009 0.01.23 0.0301,
0.2 1.67 1.,34,0 4.35 0.795 0.668 0.0225 0.0008 0.0136 0,296
0.2 L68 1.1 60 3.31. 0.627 0,793 0.01.83 0.001.0 0.0083 0.0203

0.2 '.69 1.710 5.45 0.922 0.808 0.0254 0.0011 0.0127 0.305

0.2 170 1,081 3.54 0.668 1.039 0.0245 0.0009 0.0166 0.0186
1.5 179 1..266 4.1,6 0.725 0,234 0,0134 0.0010 0.0094 0.24i

115 1.81 1.086 3.80 0.733 0.890 0.01.68 C. OOL! 0.01.37 0.1]65
1.5 1.82 0.904 3.76 0.529 0.246 0.01.77 0.0008 O. 0089 0.01.91

LO.0 192 1.056 3.48 0.534 0.986 0,0175 0,0009 0.0092 0.0123

10.0 193 1.379 4.38 0.764 1.195 0,0185 0,0009 v.OL13 0.221

10.0 194 0.906 2.62 0.509 0.487 0.0150 0.0006 0.0073 0.0120
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TABLE 29

S SUMMARY OF LESIONS IN DOGS GIVEN 10 MG/KG/DAY OF 2.4-DNT
AND DYING AT UNSCHEDULED TIMES

Dog number: 191 195 197
Week of death: 8 19 20

Treatment-Related Lesions--/

Liver

Pigmenta t lon

Bile duct hype.jpLasia -

Spleen

Pignent Lion 1 1 1
Cerebellum

Vacuolation + 2
Hypertrophy and mitosis of endothelium 2
Gemustocytosis 1 2
Perivaseular hemorrhage 1 1

Brain Stem
SeiacarhemrhS----------------------1

Other Lesions

Liver

Vacuolation of hepatocytes 1
- Microaranuloma 1

-- hLdhod r..yper.lasia of layer'sa latches 2
Tonsil
_ocal tonuilitis 1 1

Lymph Node
_ ryithr.phaocy tos - - 1

Urinary Bladder
Cytoplasmic vacuolation of

- - epithelium 1
Adrenal Gland

Cytoplasmic vacuolation in zona

-- -- £-om-rulos - -- ------- - ------ ------- ------- --------
Skeletal Muscle

-Deenera tion

Organs not listed were normal.

a/ Severity of lesions: 1 - mild; 2 - moderate; 3 - marked; 4 - severe;
+ questionable; X - present; 0 - tissue missing or unreadable.
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IV. RAT STUDIES

A. Observations and Toxic Signs

1. Unscheduled Death

The first 2,4-DNT-induced effect, other than the decreased weight
gain discussed below, was seen during week 21 in high dose female No. 73-
596, a rat intended for the three-generation study. She was less active,

much underweight, and had an odd gait, with her hind legs stiff and wide-
spread. She died in week 23, as did the high dose male No. 73-434, intended

for the metabolic studies. Both rats had very low body weights (181 g and
202 g, respectively) and malocclusion from extremely long incisors. Since

these rats are on powdered feed, they do not wear their teeth down by

gnawing. Apparently, the interaction of the 2,4-DNT and the malocclusion
caused the deaths. Therefore, we increased our "preventive dentistry"

program of inspecting the rats and trimming incisors with dog toenail

clippers as required.

The next death was in week 27. The body weight of high dose male
No. 73-331 peaked at 459 g in week 16; it slowly decreased to 437 g in
week 26. This sort of weight variation is not unusual among the high
dose rats. But in the next 6 days, this weight dropped to 283 g and he
developed rales; there was tear pigment on his snout. He was killed for
necropsy. The laboratory data showed few abnormalities except low leuko-
cyte and platelet levels and elevated serum transaminases (Table 31). Low
blood glucose and lack of body fat implied fasting, consistent with the
weight loss.

Tn week 30, high dose male No. 73-426 developed a lump under his
jaw near the right submaxillary salivary gland. From week 35, the lump
rapidly grew until in week 38 it was 6 x 5 x 3 cm, hyperemic and ulcerated.

He could only look left because of the tumor mass. He continued to eat and
gain weight. But the ulceration was obviously causing pain; he was killed
for necropsy. The lump was a well-encapsulated tumor weighing 71 g, 13Z
of total body weight. His liver was yellowish and weighed 28 g. Analysis
of his blood revealed anemia with abnormal erythrocyte morphology (Table 31);
many burr-like cells and schistocytes, several target cells, moderate
polychromasia, and occasional macrocytes and teardrop cells.

rThe next significant unscheduled deaths were two low dosage rats

(0.0015%, 2,4-DNT in feed). In week 56, male No. 71-101 was observed with
paraplegia. He was isolated and weighed daily. Over the next week, he
lost 12 g/day an.] he way killed for necropsy. He had severe anemia,
elevated aerum enzymes and a fasting glucose level (Table 31). He had

67
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hepatomagaly and an enormous spleen (13.68 g) with a greenish coloration,
indicating a lymphoma. Female No. 71-227 decreased from 400 g to 264 g from
week 52 to week 56. She then became extremely lethargic, almost comatose.
On examination, she appeared somewhat hyperexcitable. Blood analysis
(Table 31) and gross necropsy were normal, except for an enlarged pituitary.
The enlarged pituitary, whose pressure causes the behavioral signs, indicates
pituitary adenoma, the most common naturally occurring tumor in this strain
of rats in our experience and that of MacKenzie and Garner.-

By month 15, unscheduled deaths occurred fairly regularly in the
high dose group, one or more per sex per month. These are illustrated
by Figures 4 (Males) and 5 (Females), which show cumulative deaths among
the groups of 30 male and 30 female rats intended for 24 months feeding.
The lines for the low dose rats are omitted because they zigzagged around
the lines for control rats. About 50% of the high dose rats had died by
the end of month 20 and all high dose rats except one female died before
the end of month 23. Frequent deaths did not occur in the other dose
groups until after month 18, with the median death in month 23 or 24. After
month 18, there were a few more deaths in the middle group than in control,
but the low group did not differ significantly.

Laboratory data from selected moribund rats are shown in Table 31.
The typical pattern of anemia seen in rats scheduled for routine laboratory
tests as discussed later, occurred in these rats. The most significant
changes were those of high dose female No. 73-280, who was killed in week 99.
Although not very active, she was still allve with an erythrocyte count
below a million and 26% in!t.aeliog-tobin. TLcL •.o•tue counter gave a leukocyte
count of 19,700, but correction for nucleated erythrocytes (more than three
per leukocyte) reduced that to 4,800.

2. Causes of Death

There were three major causes of death: pituitary tumors,
ulcerated subcutaneous timors, and inanition.

Pituitary tumors: Pituitary tumors could be readily identified by
observing the rat's behavior. The effects on motor function were pathognomonic.
The most common version was one-sided ataxia or paralysis. This ataxia was
seen sometimes in the hindquarters, sometimes over the entire body. In addi-
tion, many rats became hyperexcitable, showing exaggerated motor responses
to stimuli. Crusts of tear pigment often occurred around the eyes. Occa-
sionally, exophthalmos or crusts of tear pigment appeared on the snout. The
body weights of these rats were followed closely during this time. When a
rat lost 100 g or more within 2 weeks, he was killed for necropsy.
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Ulcerated subcutaneous tumors: Any rat, that developed an
ulcerated lesion, was killed to end its suffering. The usual cause was a
large tumor in the subcutaneous tissues (breast or other sites). The
tumor was frequently hyperemic, and usually fast-growing, as indicated by
the taut skin above it. With normal movement and friction, an ulcer would
start readily. These subcutaneous tumors were seen in all dosage groups,
most commonly in females along the milkline, and persumably mammary tumors,
although they also occurred at other sites (e.g., No. 73-426, discussed
above). From month 15, these tumors began to become more and more common,
especially in the high dose animals, After 18 months feeding, three quarters
of the high dose males including the ones being dosed for metabolism studies,
but only one other, had one or more readily apparent tumors (Table 32).
Almost 90% of the high dose females, but only a third of the others, had
one or more tumors. Some cases of multiple tumors are bast described as
grotesqueries. For example, high dose female No. 73-261, killed in week 84,
had seven distinct tumors: two large ones of about 150 cm 3 (one on each
side), four small tumors (about 15 to 20 cm3 , three on the left, one on
the right), and a small perianal tumor.

Inanition: The other repeated cause of death was inanition. This
was seen as a drop in body weight and inactivity without the characteristic
one-sided paralysis of pituitary tumors. Odd gaits (as No. 73-596, described
above) were rarely noted in high dose rats. In most cases, a cause was
apparent on gross necropsy, such as the lymphoma in low dose male No. 71-
101, described above. In other cases, it was due to the growth of the sub-
cutaneous tumors, as in high dose female No. 73-261. In many instances,

U total body weight did not decrease, because the increase in tumor weight
balanced the decrease in somatic weight. Therefore, one must detect effects
more subtle than total weight. For instance, No. 73-261 was hunchbacked,
with her vertabrae and ribs readily palpated dorsally, while the tumorous
masses with tightly stretched, almost bald, skin were located ventrally.
Some inanition deaths, especially in the last months of the study, had no
obvious cause. These are ascribed to old age, possibly modified by 2,4-DNT
treatment.

B. Body Weights

Average body weights of rats fed various doses of 2,4-DNT are
shown in Figure 6. Control rats showed rapid weight gain from the start
of the study. The rate of gain decreased as the rats matured, and did not
approach plateau until about month 15 males and month 18 for females.
Toward the end of the study, there were frequent lurches in the curves.
This was because of the removal of rats from the study due to tumors and
other old-age effects, many of which are accompanied by weight changes as

1. discussed above, along with the usually increasing obesity of the survivors.
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The growth of rats fed the low dose (0.0015% 2,4-DNT) vas quite similar
to that of the control rats. In fact, their average weight exceeded that of
the controls more often than not. Their data has been omitted from the
graph for clarity. Until about month 9, the growth of the middle-dose
(0.01% 2,4-DNT) rats, too, was similar to that of the controls. Thereafter,
the middle dose rats were usually of somewhat lower weight; these differences
were not often statistically significant.

In striking contrast are the rats fed the high dose (0.07%). From

the very first week of feeding, their weight gains were less. Their weights
quickly reached a plateau, about 260 g in the females after 2 months of
feeding and about 480 g in the males after 4 months of feeding. These
weights were considerably below that found in the control rats, about 450 g

in the females and 720 g in the males. The extremely high mass of tumors in
the high dose females was obvious from the increase in total body weight
to about 350 g in the later months of the study.

C. Feed Consumption and 2,4-DNT Intake

The average of the feed consumption measurements are shown in
Table 33. To provide equal weighting on the time scale, the four weekly
measurements in the first month were averaged to create a composite value
for the month. There was a tendency for feed consumution by the males to be
dose-related, but this was not statistically significant. They consumed an
average of 23.25 to 25.61 g/rat/day during the entire period. No such
trend was apparent in the female rats. They consumed an average of 18.30
to 19.22 g/rat/day during the study.

The average values for 2,4-DNT intake (the averages of the various
monthly measurements) are shown in Table 33; the individual figures are shown
in Figure 7. During the first 3 weeks, both sexes had about the same intake.
As the males gained weight faster (see Figure 6), their average 2,4-DNT in-
take, on a per kg body weight basis, decreased faster. Their feed consump-
tion, on a per animal basis, was relatively constant throughout the study.
Therefore, the long-term trends in the 2,4-DNT intake curves reflect body
weight changes, while the month-to-month variations reflect normal biological
variation in feed consumption. During the entire period, the 2,4-DNT intake
calculated as the average of the various monthly measurements of the low,
middle and high dose males averaged 0.57, 3.9 or 34 mg/kg/day, respectively;
whereas the intake of the low, middle and high dose females averaged 0.71,
5.1 or 45 mg/kg/day, respectively.

D. Laboratory Data

Baseline hematologic data for various groups of males and females
are shown in Tables 34 and 35, respectively. The values for various parameters
are normal, with only insignificant differences between groups.
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Laboratory data after 3, 6, 9, 12, 18 and 24 months of feeding
2,4-DNT are shown in Tables 36 through 47. A fairly consistent picture of

anemia, more or less compensated, was indicated by the high dose rats
(0.07% 2,4-DNT in feed) at most intervals. The erythrocyte count, and,
with it, the hematocrit and hemoglobin content were decreased. The reticu-
locyte count and sometimes the mean cell volume were increased, as the marrow
responded to the anemia. Although not always statistically significant,
this pattern was generally present. Occasionally, it was seen with the
middle dose (0.01%) rats, but this was not consistent. Other statistically
significant differences are sometimes seen, but they are not consistent.
Therefore, they were considered to be normal variation rather than 2,4-DNT
effects.

Laboratory data from rats fed 2,4-DNT for 12 months and allowed
to recover for 1 month are shown in Tables 48 and 49. In these groups,
the mild effects of anemia were not observed in the high dose rats. Labora-

tory data from rats fed 2,4-DNT for 24 months and allowed to recover for
1 month are shown in Tables 50 and 51. There were no high dose survivals.
Laboratory data of the other groups were within normal ranges.

E. Pathology

Of the original groups of 38 rats, 32, 35, 27 and 34 males from
the control, low, middle and high dose groups, respectively, and 31, 36, 34
and 33 females are included in the following data; the remainder were lost
to autolysis, cannibalism, etc. Data are included from one male and seven
females in the low dose group, one middle dose female, and three males and
10 females from the high dose group of the ancillary studies.

1. Feeding For 12 Months

a. Organ Weights

Absolute and relative organ weights ot rats fed 2,4-DNT for
12 months are listed in Table 52. Heart weights were inadvertently omitted
at the necropsies for these groups. Rats fed the high dose (0.07% 2,4-DNT)
had decreased body weight, increased absolute (males) or relative (females)
liver and kidney weights and decreased testis weights. The increased rela-
tive brain weights were the inverse of the decreased body weight. A constant
brain weight is expected when the body weight is affected after the brain
is near mature size, that is, after weaning. The decreased spleen weight
was probably a reflection of the high variability of this organ's weight.
When rats were allowed to recover on control feed for a month, the organ
weight picture was substantially the same (Table 53).
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b. Tissue Lesions

Tissue lesions from the male and female rats fed 2,4-DNT for
12 months are sunmarized in Tables 54 and 55, respectively; those from rats

V allowed to recover for a month are in Tables 56 and 57. A number of lesions
were present in various tissues of these rats. Only the treatment-related

lesions are discussed below. The lesions, including the pituitary adenoma
and mammary tumors, were more significant after treatment for longer periods;
they will be discussed later. Senile nephropathy was seen earlier in che
high dose rats, but this is a normal lesion in geriatric rats.

(1) Liver

The most striking lesions after feeding for 12 months
were those in the liver. There were the early stages of a progressive
development of hepatocellular carcinoma, first described by Reubern/ for
N-2-fluorenyldiacetamide and by Newberne and Wagani?1/ for aflatoxin B1 .
Nomenclature was clarified by a National Cancer Institute-sponsored work-
shop,.l8/ and was followed in this report. These stages are illustrated
with typical slides from this rat study.

The initial lesion was foci (smaller lesions) or areas
(lesions of lobule size) of altered hepatocytes (Figure 8). These were also
called "hyperplastic foci" or similar terms. The liver architecture was
preserved, and there was no clear-cut demarcation between affected and non-
affected cells. In rats fed 2,4-DNT for 12 months (Tables 54 and 55), a
mild degree was found in nearly all the low and middle dose males; a marked
or severe degree was found in about half the males and females fed the high
dose. This lesion was also seen in one untreated female. In rats allowed
to recover for 1 month (Tables 56 and 57), the incidence and severity of
this lesion were not appreciatively changed.

The next stage was neoplastic nodules, formerly called
hyperplastic nodules (Figure 9). These were spherical lesions, as large
as several lobules, without the normal internal architecture. A useful
criterion was the presence of a sharp boundary with compression nf the
normal liver tissues immediately outside the nodule. This lesion occurred
in all the high dose males and females (Tables 54 and 55). Since these
nodules were highly proliferative, they were probably responsible for the
observed large increase in liver weight. Grossly, those were frequently
apparent as white spots about pinhead size. In rats allowed to recover
for I month (Tablea 56 and 57), this lesion was also present in most of
the hi&h dose rats.

Te last stage was hepatocellular carcinoina (Figure 10,
gross; Figure 11, microscopic). There were ceveral varieties with varying
degrees of differentiation from almost normal liver architecture to masses
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of randomly arranged cells. The cells themselves might vary from normal-
appearing hepatocytes to anaplastic with variously staining cytoplasm.
The workshop=;- concluded that all rat hepatic cell tumors had the potential
for malignant behavior. Therefore, the term "hep~toma" was discarded and

all tumors were labelled "hepatocellular carcinomas." In this group of
rats, this stage of development occurred in only one high dose female No.
73-382 (Table 57). She was allowed to recover for 1 month. Her total
liver weight (12.5 g) was not exceptionally high. But she had obvious
tumors on the left (1 x 1 x 0.8 cm) and median (1.2 x 1 x 0.8 cm) lobes.

(2) Abnormal Pigmentation

Most of the high dose rats (7/8) had an excessive amount
of pigmentation in the spleen (Tables 54 and 55). This was in addition to
the usual hemosiderin deposits. The excess pigment physically resembled
hemosiderin (brown granules) but gave very little, if any, reaction with
Prussian blue, which reacted normally with the iron in the nearby hemosiderin
deposits. This lesion was more pervasive in the mice and will be further
discussed below. In rats allowed to recover for 1 month (Tables 56 and 57),
pigmentation was also seen in most of the high dose rats (6/7) and in two
of the four low dose females.

(3) Testis

All four high dose males fed 2,4-DNT for 12 months

(Table 54) and two of three high dose males allowed to recover for 1 month
(Table 56) had very severe atrophy of the testes (Figure 12), with almost
complete lack of spermatogenesis (Figure 13). This lesion is seen in geri-
atric rats, but it is nut normal in rats of this age. A similar effect
after subchronic dosing of 2,4-DNT has been reported.•/

2. Feeding For 24 Months Including Unscheduled Death

a. Organ Weights

Organ weights of rats fed 2,4-DNT for 24 nmonths are given in

Table 58. There was no high dose male surviving. As seen in the high dose
males fed for 12 months, the middle dose males had decreased body weight and
increased liver weight. However, the testes appeared normal. The organ
weights for animals allowed to recover for 1 month (Table 59) were similar,
but the unscheduled deaths decreased numbers and made interpretation difficulr.

b. Tissue Lesions

Lesions in rats fed 2,4-DNT for 24 months are summarized in
Tables 60 and 61 and in rats allowed to recover for 1 month are sunmarized
in Table 62. Lesions in rats died or terminated at unscheduled times are
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summarized in Tables 63 through 69. These results did not include all
animals or all organs due to some rats that died at night nrid autolysis

hindered examination. To Increase the numbers available for calculating

incidence we included all rats fed the same dosage mixtures used in various
studies. Rats with numbers in the 400's were intended for the metabolism
study; a few females in the 500's were intended for the three-generation
study but not mated and continued on feed.

:1 (1) Naturally-Occurring Lesions

A great wide variety of naturally-occurring lesions
were found in these geriatric rats. The lesions were listed in the lower
part of the appropriate tables. There were two classes of lesions: the
degenerative lesions found in most geriatric rats and the rare lesions
found in a few scattered rats. Typical degenerative lesions included mild
chronic murine pneumonia (endemic among rats), mild bile duct hyperplnsia,
mild extramedullary hematopoiesis in the spleen, and mild vetinal degenera-
tion. The rare lesions included a variety of tumors and lesions in various
tissues. The various tumors were extracted from Tables 60 through 69 and
listed in Table 70. No obvious dose relationship existed among these rela-
tively rare tumors or lesions; they were not related to the treatment.

(2) Lesions Related To Treatment

As seen in rats fed 2,4-DNT for 12 months, a number of
treatment-related lsions occurred in these rats and were listed in the
upper part of the appropriate tables. The incidence of these 2,4-DNT re-
lated lesions were extracted from Tables 60 thzrough 69 including all rats
fed for more than a year and one high dose male dying in month 12 and
tabulated in Table 71. Statistical analysis is Chi-square tests and exact
probabilities on contingency tables of these data with p 0.05 considered
significant.

As expected from the results after feeding for 12 months,
there was a significant increase in the incidence of hepatocellular carcinoma
among high dose rats, especially the females (Table 71). The increase in
the males alone was not quite statistically significant (p - 0.08), but it
is toxicologically significant when coupled with the data for females. The
incidence of foci of hepatocellular alteration and hepatocellular neoplastic
nodules was not apparently affected by treatment, but the severity was in-
creased, as seen on the appropriate tables of lesions. The various stages of
the development of the hepatocellular carcinoma were discussed for rats fed
2,4-DNT for I year.
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Similarly, almost all the high dose males had severe
atrophy of the seminiferous tubules (Table 71), as seen in the high dose
males fed 2,4-DNT for 12 months. The incidence of testicular atrophy was
about 29 to 33% in lower dose males and 16% in control males. In addition,
these were generally of lesser degree.

The "lumpiness" observed in most high dose rats was the
result of increased incidences of various subcutaneous mesenchymal tumore,
especially in the males, and various mammary tumors (Table 71). Typical
mammary tumors are illustrated in Figure 14 (gross) and 15 (microscopic).
The mammary tumors were classified in Table 71. Fibroadenomas, adenomas
with fibrous tissue involved, predominated in all groups. Adenocarcinoma-
carcinoma and fibromas were rare. Both males with mammary tumors were fed
the high dose; this may or may not be a 2,4-DNT effect. Th4 observed sub-
cutaneous mesenchyil, tumors were classified in Table 72. The increase in
incidence among treated rats was due to fibromas; the incidence of malignant
tumors was similar. j

The incidence of pituitary chromophobe adenoma in high
dose rats was less (Table 71). This tumor is the characteristic tumor type
in this strain of rat. It was the leading cause of unscheduled deaths of all

rats except the high dose group. The actual percent incidence was probablysomewhat lower than the tabulated figures, since a normal pituitary is so

small that it could be overlooked at necropsy, lost while changing fixative,
or missed in cutting the sections. A tumorous pituitary, however, was a
relatively large object, usually dark from the blood within and not readily
missed. The significance of the reduced incidence of pituitary chromophobe
adenoma in the high dose rats is not understood.

F. Three Generation Reproduction Study

As indicated in Table 73, the mean body weights at the time of
first matings for both males and females given the high dose (0.07% 2,4-DNT)
were decreased. When compared with their respective control body weights,
the weights for the Fo and F, generation were only 77 and 75% for the males,
respectively, and only 77 and 90% for the females, respectively. No treat-
ment effects on the fertility of the males or females were apparent. However,
the fertility of both males and females was reduced for all groups of the
F. generation. This was probably due to their older age.

The absence of the F2 parental generation for the group given 0,07%
2,4-DNT and the few animals mated in the F1 indicated an adverse effect on
reproductive performance. This adverse effect on reproduction was further
clarified by the quantitative data for the individual litters given in
Table 74. No treatment effects were apparent on liveborn index, weight at
birth, weight at weaning or the sex ratio. Although not statistica3ly sig-
nificant, the mean litter size appeared to be reduced for Fl. and/or Flb
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litters from dams given 2,4-DNT in the feed. This effect did not persist
with subsequent parental generations. The viability and lactation indexes

were also reduced for one or both litters born to the Fo generation. With

the exception of the viability index for F. litters born to dams receiving
the high dose, these effects did not appear to be related to the treatment.
This lowered viability resulted from maternal neglect and death during par-
turition. The incidences of deaths during parturition of first litters
for the Fo generation were 1/10, 4/13, 3/10 and 4/11 for the dams given 0,
0.0015, 0.01 and 0.07% 2,4-DNT. The incidences of deaths during parturition

of the second litters for the Fo generation were 1/5, 0/6, 0/6 and 4/5 for
dams given 0, 0.0015, 0.01 and 0.07% 2,4-DNT, respectively. The deaths
were associated with a prolonged parturition, excessive hemorrhage, and
retention of placentas or of fetal-placental units. In some cases, the
placentas were still attached to the uterus. In other cases, the placentas
were free of the uterus but did not pass through the cervix. The occurrence
of deaths during parturition in the control group suggests these deaths
may be related to the age of the dams at first mating. However, 2,4-DNT
enhanced the occurrence of these deaths. It appears that the obsf.rved
adverse reproductive effects were associated with aging and/or toxicity of
2,4-DNT.

All three high dose females from Flb, which were mated at 3 months
of age, produced and weaned offspring as well as control dams. This per-
formance was achieved even though one female had a large mammary tumor at
the time of mating. None of the three females, however, produced second
litters. The female with the tumor failed to mate. Sperm was absent in
the vaginal smear of a second female with a vaginal plug. The third female
failed to produce offspring.

No anomalies were detected in the offspring from any of the matings.
Normal birth weights, normal postpartum survival when parturition was normal,
normal weight at weaning and the lack of a teratogenic effect indicate that
any 2,4-DNT received via the placenta or milk was of little consequence.

G. Mutagenesis Studies

1. Cytogenetic Study

The results of the chromosome analysis of the bone marrow and
kidney cultures from rats fed 2,4-DNT for 24 months are shown in Tables 75
and 76. Results from the high dose surviving rat did not differ significantly
from those of the control rats. The kidney cultures from middle dose (0.01%
2,4-DNT) rats had a statistically significant increase in tetraploid fre-
quency, but the increase was relatively small. Furthermore, the bone marrow
cultures and those from the high dose rat showed no such effect. There
was not any apparent morphological aberrations of chromosomes in bone marrow
or kidney cultures of rats fed 2,4-DNT for 24 months.
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2. Dominant Lethal Mutation Studies

The results of the first dominant lethal mutation study are shown
in the upper portion of Table 77. The decrease of the implant viability
index of males fed 0.2% 2,4-DNT suggests that there is a mutagenic effect.
However, the decreased fertility indexes, probably due to the effect of
2,4-DNT on spermatogenesis discussed earlier,A/ cast doubt on this interpre-
tation. Therefore, additional experiments were carried out to determine
if there was a dose of 2,4-DNT which would reduce implant viability without
reducing fertility. The second test used males already being dosed on the
chronic toxicity test. As can be seen on Table 77, no effects were observed
in males fed 0.0015, 0.01 or 0.07% 2,4-DNT for 13 weeks. The third test
used somewhat higher doses: 0.5% (used as the high dose in the mouse chronic
toxicity study, discussed below), 0.2% (the high dose in the first test),
0.15% (a dose intermediate between 0.2% and 0.07%), and control. Only
three of the 15 high dose (0.5%) males survived the 13 weeks' feeding; none
mated, so they were functionally sterile. Males from the middle (0.2%) and
low (0.15%) dose groups did mate (produced plug and sperm positive females),
but there were no viable fetuses. About two-thirds of the plugs from middle
dose males and one-third of those from low dose males had no apparent sperm.
The control males mated normally. These results indicated sterility.

A fourth and last study used doses of 0.15% (sterile in third
study), 0.10% (geometric mean of other two doses), 0.07% (no effect in second
study) and control. Since the testicular lesions were not apparently re-
versible in I month after 1 year of feeding 0.07% 2,4-DNT (see above), we
incorporated a 13 week reversibility study in the design.

Results from the last dominant lethal mutation study are shown
in Table 78. All the doses of 2,4-DNT produced a dose-related decrease in
weight gain. There were some decreases in feed consumption. There was a
dose-related increase in spermless vaginal plugs and a dose-related decrease
in fertility (pregnancies). There was only one, nonviable fetus in only one
of the females mated to males fed 0.15%, 2,4-DNT. The variations in corpora
lutea/dam were within normal limits. The lack of an effect on implant via-
bility index, despite the drastic effect on implantation index, shows that
there is no apparent dominant lethal mutation effect.

The microscopic evaluation of the reproductive organs of males
are shown in Table 79. Nearly all males fed 0.07, 0.1 or 0.15% 2,4-DNT for
13 weeks had marked to severe atrophy or degeneration of seminiferous tubules
of the testes and too few or no spermatozoa in ductules of the epididymis.

* After the treatment was discontinued for 13 weeks, there was no evidence of
any recovery for those lesions.
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H. Metabolism Studies

Metabolism results from rats fed 2,4-DNT for 3, 9 and 20 months
are shown in Tables 80 through 85. The results were similar to those seen
in rats not chronically fed 2,4-DNT before being given the teat dose of 14 C-

2,4-DNT.I/ The oral dose was well absorbed, with a large majority appearing
in the urine within 24 hr; some radioactivity was found in the gastrointestinal
tract and feces. Very little remained in the tissues, with the liver (organ
of metabolism and biliary excretion) and kidney (organ of urinary excretion)
having the highest levels of 2,4-DNT-derived radioactivity. Metabolism was
extensive, as shown by chromatographic analysis of the urine. Very small
amounts of 2,4-DNT itself was excreted. The major metabolites were dinitro-,
aminonitro-, and diamiixobenzyl alcohols, reflecting oxidation of the side
chain and reduction of the nitro groups. Most of these primary metabolic
products were then conjugated before excretion.

When the time came for the last study (began in month 19; completed
in month 20), all the high dose males set aside for the metabolism study
had died. Only three high dose females (of six) remained, but two had very
large tumors and the third had inanition. These toxic effects were comparable
to the other high dose as discussed above. Rather than terminate some other
high dose rats, we used some extra middle dose (0.1% 2,4-DNT) rats instead.
The results remained the same: no major differences between dose groups,
between sexes, or between feeding periods,

I. Discussion

A general toxic effect of decreased weight gain and a shortened
life span occurred in rats following chronic feeding of high dose 2,4-DNT
(0.07%). There was anemia partially compensated as shown by increased
reticulocyce counts. Presumably, this was a toxic hemolytic anemia of the
anilinism type, but there was no consistent direct evidence such as methemo-
globinemia and Heinz bodies. Furthermore, no evidence of lesions in the
erythropoietic system was found.

The most significant tissue lesion was the progressive development
of hepatocellular carcinoma. This same progression was first reported for
N-2-fluorenyldiacetamidel 6/ and aflatoxin B1 ,17/ compounds chemically quite
distinct from each other and from 2,4-DNT. This raises the hypothesis of a
common mechanism which, by one means or another, all three compounds initiate.
The nature of such a mechanism and its initiation are purely speculative.

Besides causing the liver tumors, 2,4-DNT greatly increased the
incidence of subcutaneous tumors. In males, these were mostly fibromas. In
females, they were mammary fibroadenomas, the most cornon type of mammary
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tumor in this strain of rats. The development of these tumors contributed
to the observed lethality by diverting the rat's resources and by (at times)
becoming ulcerated.

Besides these tumor increases, there was a significant decrease in

pituitar chromophobe adenomas, the most common background tumor in this
strain.1-/ This may be, in part, a result of the high death rate, whicheliminates the rats before they could develop the pituitary tumor.

As reported earlier,-/ 2,4-DNT also induced atrophy of the semi-

niferous tubules. In severe cases, there was almost complete lack of
spermatogenesis.

In a three-generation reproduction study, there were general effects,

such as decreased body weight and increased parturition deaths, of the

toxicity of 2,4-DNT, but no specific reproductive effects. Similarly, no
significant chromosome effects were observed in the cytogenetics study.

There was no dominant lethal mutation effect, although the testicular atrophy
may obscure expression of a weak effect. Continual feeding of 2,4-DNT did
not affect how the body absorbs, metabolized, and excretes a large oral dose
of the compound.

Although occasional symptoms, such as straddling gait, were seen

that suggested neuromuscular effects, these were rare and without accom-
panying histopathological lesions. Therefore, the nervous system is not

considered a target organ of 2,4-DNT toxicity in rats in this study.

If the results of the high dose are described as devastating, the

results of feeding the middle dose (0.01% 2,4-DNT) is "tantalizing." This
seems to be due to the varying susceptibilities of the individual rate to
2,4-DNT. There were a few earlier deaths. Most were unaffected, except for
a late decrease in body weight. Some rats had effects similar to those in
the high dose group, with mild anemia, liver lesions particularly areas of
hepatocellular alteration, and mammary tumors. If this dose were the highest
used, we might interpret these relatively minor differences as of little
significance. However, their resemblance to the high dose effects demon-
strates that 2,4-DNT is toxic at this middle dose. The low dose (0.0015%)2,4-DNT was nontoxic. These rats seem indistinguishable from controls.

J. Conclusions

The high dose, with 2,4-DNT intake of 34 mg/kg/day in males and
45 mg/kg/day in females, was quite toxic, causing decreased weight gain
and shortened life span. Target organs included the blood (toxic anemia),
the liver (hepatocellular carcinoma), the testis (aspermatogenesis), and
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the connective tissue in males (fibromas) and the mammary tissue in females
(fibroadenomas). No specific effects were seen on the reproductive process,
on chromosomes, or on the metabolism of 2,4-DNT.

The middle dose, with 2,4-DNT intake of 3.9 mg/kg/day in males
and 5.1 mg/kg/day in females, was somewhat toxic. It caused similar effects
in some, more susceptible, individuals.

The low dose, with 2,4-DNT intake of 0.57 mg/kg/day in males and
0.71 mg/kg/day in females, had no apparent toxic effects.

(41
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TABLE 32

RATS WITH APPARENT TUMORS AFTER BEING FED
2,4-DNT FOR 18 MONTHS

Dose Hales Females
(Z in Feed) Tumor/Total Percent Tumor/Total Percent

0 1/37 3 8/29 28
0.0015 0/37 0 11/40 28
0.01 0/29 0 10/27 37; 0.07 17/23 74 28/32 88
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TABLE 33

FEED CONSUMPTION AND COMPOUND INTAKE OF RATS

FED 2.4-DNT FOR 24 MONTHS

Males Females
Feed 2,4-DNT Feed 2,4-DNT

Dose Consumption Intake Consumption Intake
(% in feed) (a/rat/day) . (g/rat/day) (mg/kg/day)

0 25.61 + 1.354/ -- 18.38 + 0.39A/ --

0.0015 24.69 + 0.38 0.575 + 0.021 18.30 + 0.40 0.706 + 0.022
0.01 23.96.+ 0.54 3.92 + 0.15 19.22 + 0.74 5.14 + 0.18
0.07 23.25 T 0,52b./ 34.5 + 0.8'b/ 18.45 + 0.88V/ 45.3 1.4+ /

9_/ Mean + standard error of 24 measurements; the first month is the average

of four measurements.
b/ Due to unscheduled deaths, only 21 measurements.

c/ Due to unscheduled deaths, only 22 measurements.

I8
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RATICULOCYT[S, A I * ts 1.74 2 .47 P.*23 * .1, * .45

HEIATOCCIT. VOL., *3.2 *. 1.4 42. 8 .6 43.0 . .5 4,.6 * .4

4140G0fl0). N. , 14.2 *_ .2 14,.4 L. .2 14.7 *. .1 14.0 * .1

METME01LOI1N, L 0.0 2. 0.0 0.0 .0.0 0.0 - 0.0 0.0 _ 0.0

MCV, CURIC ld|CRONs 69.6 1. .9 69.' 2. .9 4 . s" 71.1 1 2.3

.4CH. MICRO mCROol4o. 22.9 . *2 ?3.4 p. ,P ;2.O 21 . 23.4 L .4

MCHMC, OM 33.0 * .4 33.7 0_ .. 34.1 t . 32.9 * .1
S 3

PLATELETS (XilA /MM 1 6.4 &, .4 S.5 , .3 1.6 1. .s 7.5 .3

LEUKOCYTES IXO /MN 12.7 .1.2 13.4 7 14.0 2.8.5 14.4 2. .9

NEUTROPHILS. % 9.6 2. |*9 10.P *2.1 11,0 * . 6.58 2. 1.6

LYMPHOCYEs. % 89.2 2. 1.7 89.o 2. 2.7 56.0 2. .9., 2. 1.6

AANOS. 1 0,0 L. 0.0 0.0 2 0.0 0.0 1. 0.0 0.J - 0.0

EOSINOPHILS, I J6 2. .' *2 2. *; .6 1. .4 .2 2- *2

VAWOMIILS. 4 0.0 2.0.0 0.0 2.0.0 0,0 2. 0.0 0.0 0.0

4O0iOCYTES, % .4 2. .4 .6 2. ,4 .t 2. . , 2 .2

ATYPICAL. I ],0 A. 0.0 0.0 . 0.0 0.0 t 0.0 0.0 2. 0.0

NIJCLEATIEP ARC. l .1 2. .2 0.0 q_ 0.') 01 2 .? *p .2 .2

ENTRIES ARE 14EAN StANIOAPO ERROR
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TABLE 35

LASOMAToRy oAT or FDOAL RAT$ WOR rIDIG 1 P1011 7 .- D6T

ICN) CONTROL 10,N) TREATFI) N "NUMOER OF R*1'q

00561 IN FEV1 0 (c, 5) 0.0015 (T, 5) 0.01 (T, 5) 0,07 (T, 5)

ERYTHROCYTES lk10 /Mm 6.24 #_.0*f9 6.6? ftlilt! 6.54 nmi/ 6.05 ~ .06

-4E0NZ MO0115. A 0.0 2.0.0 0.0 *0.0 0.0 0.0 0.0 2 .

IOET1CULOCYTES. % 1.54 .27 1.40 2. .14 1.32 2. .12 1.'.9 L. .30

WE(MAT0C9IT* VOL.. 4 42.0 2. 9 43.2 .4 43.0 1.4 42.0 2 .5

I4EMOGLOAIN. qN. 16 14.0 ~, .1 14.Z .2 14.0 .3 13.9 2. .2

NETHf.MOGLOPOIN* 4 0.6 4 .0 0.0 0.0 0.0 2.0.0 0.0 2.0.0

hkCV. CUOIC MICRONS #.7.3 .. 1.2 6.5.e 6% .'Iss.? 1.7 66.2 2. .0

'4CN'4, MICRO M1CIR0GMS5. 22.' # 3 21.'6 p. . 21.4 2. A 21.9 2. .3

I4CHIJC, ON IL 33.4 .7 32.9 2. .4 32.6 2. .5 33.1 2. .2
s 3

I'L&TELETS 1410 /MM 7 .2 6 9 7.4 2 .4 7.1 2. Z 6.8 2.7.

LEUIIOCYTES (X11 /M#1 1. 2 .8 '0. is .5 11.1 2.8. 14.7 1. a.

"%IEUTiJOPHILS. % 7.2 l. 1. 12.0 2 4.5 9.0 2. .1. 9.6 2.1.

LYMPHNOCYTE%. s 9P.4 2.1.0 0l..2 2.4.7 90.8 2. p 1.)'0.0 2.9.

qJANfl. 4 .0 2.0.0 01.0 2.0.0 0.0 2.0.0 0.0 2.0,0

LrOZNU~h1LS. s .4 z. .2 .f 0. . .2 2. .2 . . .

@ASOPNI1LS. IA 0.0 2.0.0 0.0 2.0.0 0.0 2. 0.0 0.0 2. 0 .0

.iONOCYTTS. 4R 0.0 2.0.0 0.0 2.0.0 0.0 t .00 0.0 4 .0

ATVPICAL. A 0.0 1. 0.0 '1.0 2.0.0 0.0 t. 0.0 0.0 2.0.0

N.UCLEATED) WiC. S '1.0 2. 0.0 0.0 2. .0 0.0 0.0 3 .0 2. .0

AlSIGNtFICANTLY DIFURRT MONW CORIMOL RATS BY DUINNIY'S MULTIPLE COMIPARISON 1'RUCKDURX,

ENTRIES ARE MEANI STANDARD ERROR.
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TABLE 36

LABORATORY DATA OF~ MAL.E RATS A TER1 ?FEDING OF 2,4-pVir FOR 3 Xfll,71S
(C.N) CONTQ0t (,vN3 TprATFD N NtJMOE nFl WATC

DflcE l IN fFI) 0 (C, 5) 0.0015 (T. 5) (1,01 (T, 5) 0).07 (T, 5)
0"YIHNOCYTES (XI0 /M4'4 7.37 2 .13 ?.~~ .17 6.(4 ± .16 ('.11 ± 27a!'

HEINZ Hnlrj1Es* 0.00 0.00 0.00 :t 0.00 0.00 i 0.00 0A .0
RETIC(JLOCYTES, 9 97 t .Ib 1.16 1 1.53 ± .mv 0 a0

HE'4ATOCRIT. VOL. 9; 4A04 21.0 40.4 1 *A 46.A t 1.0 4f,.e 1.0HEMOGILOBIN. GM. 9i 15.8 15.6 . 215.6 . 15.0 ± .METHE040GLON IN. '4.9 . A0.0 2. O.n 0.0 t 0.0 1.7 ± 162
MCW% CURIC MIC~flNS 65.7 t 1.4 67.8 1. 4% 67.5 .7 76.7K A4HH MICROj MIC~oAMS. 21.4. ± 3 21.8 i. .3 22.3 .4 ?4.7 ~

NCMMC 3M 
1~3 . . . 3 . . .3.1 s 3?.3 ± .5

3 34
LEUKOCYTES jX10 #'MM I ~ I 1.0 21.* . 19.3 1 1.4 P1.9 ± 1.8

NUTRP0HILS. % Y- I .9 17.F * 9.2 t P.0)'2 .
LYMQIHOy~rfS, % 88.0 A.?. I.8 t. 1.0 90.0 os22 .8HNflS, S 0.0 0.0 0.0 :L 0.0 0.0 t 0.0 0.0 ± 0.0
EOSINcjPI.ILS. I 2. ± 1.1 .4 t. *2 .8 . .. 4± 4
BASOPHILS. S 0.00± 0.0 0.0 0.0 0.0 2. 000. 0.0
mONOCYTES, 96 .8 2. . .02 0.0 0.0 0).O1 

P2 ±AlYPICALt VA 0.0 ±0.0 0.0 0.0 0.0 t 0.0 0.0 ±0.0
N U C L A T E ' .N C 9~. 20 ± 0 .0 0 .0 ! 0 . 0 0 .0 ± 0 .0

A/ SIGNIFICAINTLY DIFFERENT FROM CONTROL MTS BlY DURN4ETT'S W0ILTIPLE COWJISOX PROC WYJRE.

ENTRIES ARE M*AN + STANDARD ERROR,
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TAJLZ 37

IOP.ATOI•Y DATA OF FrpAIl RATS ,rlU FIUIIIO OF 6, -M13 FR 3 POMrr'S
(CvN) CONTROL (r.N) TREATED0 4 u MUNGER OFi RAT4

00SEt S IN FEED 0 (C, 5) 0.0015 (T, 5) 0.01 (T, •) 0.07 (T. 5)
6 3

CRYTHN()CYTES iX10 /MN. 6::: .14 :.34 . 21 6.15 +0.13(4) 6.n _& .0 :

mF~tmZ S)nOJES, 4t 0.00 . 0.00 0,0 •000 0.00 0.00 0.00 4 , .00 ,.04

RETICULOCYTES. %. 1.18 *_ .20 1.26 a. .s$ 1.35 .26 1.66 *..16

HfMkTOCRT, VOL. s, 43.0 L 1.1 4. ?. 1.,7 44.2 1. I,- *2.a 2. .4

HIRqOOLOINs OMd. t 16.4 *. .3 14. .- 14.1 ±. .4 14.0 * .1

MEtI"EMOOLORIN. 4 0.0 2. 0.0 0.0 0.0 0.0 2. 0.0 1.2 2. .7

"MCV. CURIC MICRONS 65bB.4 1.6 Al.a A 71,2 4 2.5(0) 11.1 .9

MeCH4. MICRO MICROGMS. 21.9 £ .4 22.% * .2 22.8 ±0.60() 23.3 t .2

MCHtiCe AM 4h 33.4 * .3 33.6 0. ,. 31.9 UP.,/ 32.7 1. .2
s 3 3A

PLAIELETS IXIn •MM ) 6.0 2. *1 S.0 5. .'q 4.? .3- 6.1 2. .5
3 3

LEUKOCY•ES 1010 /MM 16.? 1. 1.2 14.1 . 1.0 17, *.,9 t6,S 1.1

.4tur1OPHILS, 14.A . 2.2 10.6 2.1 10.2 *1.5 4.2 2. 2 2

LYMPH~OCYTES. 9. 3.0 R, .7 A7.6,2 2.05 AIS.A ~.1.4 90.2 P .3

RiNDS. ' , 0.0 *. 0.0 0.0 *_ 0,0 0.0 , 0.0 0.0 2. 0,0

EUSINOP'OILS, 4 1.2 . :6 1:: . F .2 1 ,? 1.2 .2

SASORMILS, S; 0.0 0. 00 00• 0. 00 0.0 *_ .0 0.0 *_0.0

•ONOCYTES4 I 1.0 * .3 .4 p. .. .8 .,4 .4 2. ,2

ATYPICAL. 4 0.0 *. 0.0 0.0 2. 0,0 0.0 * 0.0 0.0 2. 0.0

4IiCLEATED RqC, A 0.0 2_ 0.0 0.0 2. 0.0 0.0 . 0.0 0.0 *0.0

a/ SIOGIFICANTLY DIUERK"T F•MX CONTROL RATS SY DUNSTT S MUILTIPLE CCPARIZSON PROCIDURZ.

94TRIES AU 1AMW + STANDAMf WOR0.
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TAKLE 35

LAICUATOR! DATA Of MUL PATS AfltR nOINO (it 2.1,-ONT FOR 6 M4ONTHS0

lCsN) CONTROL 41#N) TIFAWF N a NLJMRE4 nF Qr

OOSEI I IN FEEO ( C, 5) 0.0015 (To 5) 0.01 (T. S) 0.07 (T, 5)

ERYT.,ROCYTES fAI0 /MM 1 .0)6 1 .14 7.01 0. .17 6.59 t .31 6.62 !. .21

HEIZ M!fhIES. A 0.00 ~ 0.00 0.00 0- 0.00 0.00 t 0.00 0.00 1 0.00

PiETICULOCYTESt S 1.16 oil1 1.39 t. .10 1.26 a. 16 1.12 1 0

HEMATOCRIT. VOL. S 5202 ~.1.4 61.2 L IA S1.0 l .1) 44.2 :L oil1

iIEMOOLOS1N- GM. 6 16.0 6 2 15.4 @ 1 15.4 ~. .2 15.0 .3

METHEMOOLORIN, 'A 0.0 0.0 0.00~ 09a 0.0 .0.0 .0.0 0.0

14CV. CliNIC MICRONS 73.9 0- 1.1 73.2 I. 14 76.1 t- 4.1 '3.0 i 2.0

MCHUO MICRO 4eICR00MS% 22.6 .3 22.1 o'%* 23.6 ±. ?e 2.? L .5
"CHC IN 4 30.7 .8 30.2 s 4o 30.3 1 . 31.1 ± .3

PLAFELETS (W1 /MM I 5.6 .3 4.q 62 -%A.26 61 .
3 3

LrUl(OCYTF.S 1AIO /MM I 18.2 .7 19.0 I. 1. 19.0 L1.3 19.9 a

Nar0PIS.62.8 34`1 19.6 ?$ 71 19.2 a.2.2 15.8 a. 4.3

LYMPH~UCY'TS. 4 hS.4 0_ 3.4 78.2 t. 7.7 78.8 2 .A 81.4 a.5.0

IANOSo 0.0 _0 0.0 0.0 n. .0 0.0 10.0 0.0 4 .0

TOSENOPHI[LSo % 1.b -- .7 201 OPI 1.4 a. .2 2.'b 69

ilASOI.'I4L~o A 0.0 10,1) 0.0 gin, 0.0 10.0 0.0 0.0

'(UNnCYTES. 'A .4 44 ~ .2~ .2 .6 a. 4 . .2

ATYPICAL* A 0.0 ~01 0.0 0.0 fl.0 0.0 0 .0 a. 0.0

NdUCLEATE(O -3C t 0.0 £0.0 0.0 t 0,0 0.0 a.0.0 0.0 a.0.0

Ai SIGNUIFCAO4TLY DIYEtWT FROM CONITROL RATS by DU8OhKTT S HIILTIPIA COOEPARLSON PROCEDLIRI.

ENTRIES ARlS HUNA + STANMDAB %3103.
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TABLE 39

"LA.WUTOXIY pATA ol ,s4L RAtJ rs n Fl tmIN O0 2,4-01T FOR 6 NOWTOS

dC-N) CONTROL IT.NI TQEATrF N U NUMNER OF PATS

OOSEI IN FLED 0 (Cc 1) 0.0015 (T, 5) 0.01 (7, 5) 0.07 (T, 5)
A 3

ERYTHNOCYTES (IXO /4Mm ) -,! .. .06 .,A 2, .70 6.11 2 .14 3.01 ±. .11

"MCINZ molLIES. % (1.00 0.00 0.00 0.00 (1.00 2.0.00 0.fl0 & 0.00

.OTICULOCYTES. A I1..h6 1. .20 1.3 2.. .2 1.33 . OR I .Ql . .26

HEMATOCRIT, VOL, . S.5.n L .3 44.4 o.r., 46.2 t L.1 44.0 .

HEMOOLOSIN. I•M. 14.0 . .1 14.1 .2 14.08 1 . 13.9 ; .. L,
M1TNEHMGL3IOIN+1. 1 0.0 2, 0.0 0.0 0,0 0.0 & 0.0 0.0 . ,1.0

MCVt CURIC MICRONS F3.2 =. 1.0 76.2 ±. 1,8 73.7 - 1.1 75.8 . 2.1

MCH4. MICRO MtCRO6Ms. 22. p. .4 24.3 .. ,A 24.2 2. . 23.9 .%

MCHRC, GM 4 31.2 .. .3 31.0 o .l 32.0 2. t 2 31.5 2- .3
PLATELETS (X1O( IN " 7.2 *. S.? . 3Jk 5.9 6.7 .3 .21 6.t ..

, 3
LEUKOCYTES IXIO /MM 14.7 ). 12 13.5 .. .4 16.2 Z 1.2 I1.6 2. 1.2

* NEUTMOPt41LS. % 11.0 2 2.9 13.2 ±.4.7 12.4 21. 2.1.9

LVMI~m0CYTf.S* 4 A40 3..? AS.A 2.4.h 46.2 2.1#% A9.6 1.7 L1

*)ANOS, 4; 0.0 t. 0.0 0.0 2. 0.0 0.0 2. 0.0 0.0 2, 0.0

EOSINOPHILS% 4 1.4 £ ,. 1.0 2.0 1.o, 2 .4 1.5 2. .6

RAS [LS. 0.0 L. 0.r0 0.0 n_. ... 0 0 . 0.4 0.0 2. 1.0

4001()CYTFS. 'A .4 +. .; .2? !. ? .)0.0 t 0.0 0.0 2 .0

ATYPICAL, A 0.0 0. 0.0 0.0 2..0 0.0 O. 0.0 0.0 " 0.O

"NuCLEATFOO PAC, g 0,0 2. 0.0 0.0 2 0.0 0.0 •. ,3,0 6.0 0.0

a/ SIGNICMANTLY DIFFTTEUIT FROM CON1TROL RATS BY DU?,I45TT S ,ULTIPLE COMPRISON PROCIEURE.

ENh ES MA N +140 STAODARD ERROR.
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TASLX 40

LASo0ATOgY DATA 0?r • • MTS =M PMOM OF 2.4-RTFr i9 MONTS

i*N) F.UNROL (T.mi TREATF. 4 * NIJMsFa nor PAT%

D0Stl f IN FEED 0 (C, 5) 0.0015 (T, 5) 0.01 (T, 5) 0.07 (T, 5)
S3

FIRYToRncYTEC Iml0 /4i4 INN I0 Aq.3 .l .19 7,01 . 2 7.16 t .12

""tyz 0.00 L. 0.00 0.00 2. 0.00 0,00 2 0.00 0.00 _. 0.10

15TICULnCYTES- % 1.25 t. .18 1.40 I. .2Q 3A ; ,, P.:3 z 17
HF.mATOC;•[Tt VIII., ' so.6 t .6 49.4 t .Q 46.6 Q ,c4-0.c)4 1 .6

5 3

PLUOCrEWS 14i / Im 95.2 t_ ,& S.01" .9 iS8 4 1, A.~ 4 ,3 3
LYMPHOCYTES.. , S. *_ ,4 .3P.. $2.4 3 . A1. * . 9 1,9 . 7

"AANO. , A 0 .0 ? .0 0.0 . *. O '. n 0.0 0.0 . *.0

E0S.NOP6tL . A 2 . .7 3 .7 #4 2 .. t .7 R.0 ;t .7

L Ai PHjI.Y E ( K 0. 2. 0.0 0.0 ,. 0. , 0.0 ,2 0. 0 . 1.3

!usT4OP:LS.I 0.0± 8,.00 0.0. 8. 00 0, 2. 0, 0.0 ±_ 0.0

l4fONrCYT~i. A .4 . . .4 p. . .132 .4 . 4 . .

ATYICAL., 1. 0.0 2. 0.0 0.0 .0.0 0.0 n. 0.0 0.0 . 0.0

NUCLWE0 PCO (, X 0.0 0.0 0.0 2. .0 0.0 n (.0 1). 3.0

I./ 31041FICANTLY DIFFERENJT FROM CONTROL RATS 5Y DUNNITT'S MULTIPLE COMPARISON PROCEDURE,

INTRIES ARE MEAN " STANDARD ERROR.
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TAILS 41

LAIBRATORT DATA 01 &IL KATI AF•T| f NO Of 3.4--DNlT 101 9 MONTl S

(C.N) CONTROL (T.N) TRPIATFfl N * NIIMRPR Or PATN

OnSEI s IN F.EED 0 CC, 5) 0.0013 CT, C ) 0.01 (T, 5) 0.07 (?, 5) )h 3
ER•YT•I4kCYTES. (:1|0 /MM 6.8,7 *. 9l h~qs i ,}.1 %.?q -_ ,14 A.13 .06il

HEINZ OD I I)S0, L 0.00 0.00 4. n0.0 0.00 t 0.00 0.00 0.00

OETICULOCYTS' 4, 1.30 .2m 1.30 na 1.46 t.26 1.49 .12

KATOCTs VOLt., S, 4S, q 43.4 .9,g 4.2 1.0 41. 1,8 9

HEMOGLO•tN. ON. 4 14.4 .2 13.9 S.. I4.a • .3 14.2 • .2

ME.THEM•OOLUHIN. 3 3.0 t. 1.4 0.0 n.0 0.0 . 0.0 0.0 n 0.0±/

4CV. CUHIC 41CRIONS 66.3 . 2.1 A6.3 I n 16.6 ± 1.2 AA.1 1,)

MCKR. MICRO 41icOOns1. 21.1 .3 21.2 ". .1 21.8 * .4 23.1 ±. . l/

MCHgC. IIm I 31.1 *. .s 32.0 L*, 32. 8 .3 33.9 _ *5 3
PLATELETS (X0O /MM S •.0 . ,6.8 l ' 4.7 ..3 4.3 * .1

3 J
LEUKOCYTE5 IXIO /NM 12.7 _ 1.1 13.R . I.P 13.q . 1.1 14,0 0. 1.0

NEUTI40MILS. 1, 14.0 P . 15.2 a. 20 12.2 t 1.' 1 P.4 2.2

LyMPVI)CYTFS.4 I 43.4 1.9 i2.6 *. 2.1 44, 0. 1.6 Alb o. 2.5

0AN*S. 0.0 0. 0.0 0.0 . 0.0 0.0 . 0.0 0.0 . 0.0

E0Oq1NuPhILS. 1 1.4 q. ,5 lA ". AR 1.2 *. ,2 t.0 ..5

AASOP$Ii•S. % 0.0 0 0.0 .0 ". 0.1t 0.0 0.0 0.0 0. 0,0

4ONnCYtEb. t .4 0. .2 .4 :L p; .6 t .4 .2 . .2

ArYPtCAL. 1, 0.0 * 0.0 0.0 0. 0.0 0.0 t 0.0 0.0 L 0.0

NUCLEATED 4 % 0.0 •0.0 0.0 0 o.0 0.0 ,0.0 0.0 L 0.0

I/ SIGNIFICAITLY DIFFEREIT FROI CONTROL RATS Bt DWUKIT'S MULTIPLE CClARISON PROCEDURE.

EN4TRIES ARE 4IEA N STANJDARD KU10.
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TABLE 42

LA30RATOR? PATA O? XAE RATS AYTSR FW3INO OF 2.*-OIT !~ 2 NOi HOM

lC.N, CONTROL. IT.N, 7P'*~r0 N 0 NUM~rF pF PAT

00501 I IN FEED 0 (C , 5) 0.0015 (T. 5) 0.01 (T, 5) 0.07 (1. 5)

ERYTHROCYT'ES 1010 /mm .1 7.45 1, .70 7.30 -- .07 6,?0 -_ *2?'i 6.1"

HEINZ moomoS s 0.00 0.00 0.00 :L 0.00 D.00 t 0.00 0.00 ±0.00

AETICULflCYTE59 46 .93 ? .4 (4) .46. 0 0 1#41 .29 (41 1.f060 .31

MEMA70CRITo VOL. 51s.8 £ 4 ~ 50.6 .7 48 4,6.4 ± .1

HEMOOLOkIN. AM. % 16.0 .? .2 5.0 .2 15.3 .3 1 i. 3 s .LtA

METHEMOOLOHIM, 1 0.0 L 0.p 0.t *.f 0.o.C h .0 0.0 0.0

MCV, CURIC MICRONS b9.5 1.4 1A0 73.0 L 1.2 72.1 1301 7S.3 ±2.t

MCHH. MICROL M3CROGMS4 23.5 ~. .5 21.2 L. .3 ?2.E f, . 23.2 . .

MCNmC. OM 0 31.1 . 43 w 9.pk 4- .3 31.4 . 30.9 .9
5 3

PLATELIS 1910 /NN 3 5.? .6 1.? L .6 W. ± . 6.1 ± .

3 3
LEUKOCYTES 3410 'MM 1 13.1 .5 133.5 _# 1.? 13.7 l .' 5. 2.2

Nk.UIOPKILS. * 36.6 .7 1Sd.2 3.0. 15,R L ?.A P4.9 5 IQ

LYMPHOCYTES, $00.6 ±. .7 00.4 t 3.9 01.2 i 3.0 73.6 -4 5.9

9ANO~s. 0.0 t. 0.0 0.0 0.0 0.0 1 0.0 0.0 -- 0.0

EOSIMOPN3LSi 1 1.0 L .4 1 or 1.0 1 .4 . . .

NASflPN3LS. It 0.0 n .0 0.0 ~.0.0 0.0 ±0.0 0.0 ±0.0

MONOCYTES. S 1.0 ~. . .0 l .4 2.0 ± .9 3.0 . C

hTVS'ICA... 9 0.0 6 .0 0.0 3,0.0 0.0 ±0.0 0.0 ±0.0

NUMLATEL) FIBC@ 1 0.0 ~,0.0 0.0 ±0.0 0.0 0.0 0.0 0,0

OLUCOSE (FASTING;). MA 9 133.3 13.0 136.0 9 .9 114.% P.6 155.0 llr

SOOT* lU/L 330 P4. 2' s 13 3 11 4

SORT* lU/L 51.S 20.0 36.0 % .1 25.3 3.' ?bs1 2.5

ALK. RHO)S.. lU/L 3' -4 3 I±4 1 a±

ALUN. MAO S 3. 0 -- 1. 11.5.0 1. S . .2

IMMUNOGLUFIULIN Et 3U/ML 3m2s L. 490 600 100

SlIGNIFICAN3TLY Dt"Iizzm PROM CONTROL RATS BY DWINSTTIS XULTIPLL COWAJISOOI PROC&DURE.

ENTRIES ARE MEW STANDARD 9UOR.
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TABLE 43

LABORATORY DATA OF F2IALE RATS AYTER_7EV.IN0 OF 2.4-DNT FOR 12 MONTH;

(C.N) CONTROL IT.N) TPrATF1 N * NUMNHQ nF PLaT

0OE5t * iN FEED 0 (C, 3) 0.0015 (T, 5) 0.01 (T, 5) 0.07 (T, 5)

ERYTHkOCYTES (RIO /MM I 6.4s t .30 6.2? & .22 6.0Q 4 .13 5.6l 1 ,I01/

HEIN2 ROOES. t 0.00 t 0.00 A.0O 1 0.00 0.00 D 0,00 0.00 1 0.00

REIICULnCYTFS* 0 1.f09 • .P3 1.06 !. .12 .77 ± .1' 1.K0 ± *2

HE0ATOCPITo VOL. 0 47.2 a 1.2 46.6 1 1.0 47.8 t A 43.0 .

HEMOGLOSIN- GM. 9 14.2 s .5 13.0 a .I. 14.A 13.1 ± .3

ME1NEMOOLONINi W 0.0 • 0.0 0.0 1 0.0 0.0 1 0.0 0.0 ± 0.0

I4Cvs CUPIC MICRONS 73.5 1.7 75.1 t 1.6 71S .6 1.? 76.7 1.7
MCHtit MICRO MICROOMS. 22.1 . .4 12.3 1 .o 22.? ± *? 23.4 * .3

v4~~ flN W 30.1 ?. . 9.7 a. . 31.0n . 30.6~± .5 3-"-

PLATELETS I3X1 /MM 6.0 t .3 ) S.? i .1 5.- _ .6 6.3 -.

LEUKOCYTFS ilA0 MM I 12.6 a 1.0 21.? . .7 12.4 a 1.1 13.2 ..:
NEUTROPHILS. - 13. A 2.3 15. . 2.2 12.6 • 3.1 14.2 1 2.7

LYMPHdOCYTES. 'k 85.6 P.'2. A3.4 a. 2,0 66.6 3.~ 1; .2 a.2.8
R.DS* 0.0 : 0. 0.0 1. 0.0 0.0 1 0.0 0.0 c 0.0

FOSINOPHILS. 4 0.0 • 0.0 0.0 n 0.0 .6 / .? 2

RASfPHILS' S 0.0 a 0,0 0.0 a 0.0 0.0 L 0.0 0.0 n 0.0

dEUNOCYTESs 'A .6 4. . 1.? a .4 0.0± 00 ?
ATYPICAL- 4, 0.0 0.0 0.0 a 0.0 0.0 * 0.0 0.10 ± 0.0

NUCLEATFD QRC. 9 0.0 O.. * 0f p 0.0 0,'b _.

GLUCOSE IFAST1MG), MO 13..3 1. 15.2 121.3 a 4.A 132.0 L 7.A 1?.3 ± 6.8

SOOT, IU/L 78.% a Q.n 71.n a. 9.? 63.3 t S.1 12.5 a. 6.7

SGT. ILU/L 24.5 a 5.0 ?3.0 a. 3.1 23.8 1 P. 1; 30.6 ± l.u

ALK. PHO6.4 lU/L 1? * 1 1' a 1 1 P 10 ( 2

sUN, MG 'k 13.m A ,6 14.% a .6 l.. ± .4 19.0 ± .!

IMMUNOGLOBIJLIN Et ILU/ML 900 a 211 775 17fi

./ SIONF1CAiTLV DIFFERIENT FRON CONTROL RATS BY DUNIlETT'S MULTIPLE CMPARISON PROU. + 1

* .NRIESAME 0$EAI S TANIDARD ZRROR.
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TAKLE 44

M12.3lTORY DATA OF KALI MAIS A7T18 FBZD119 OF 2Z.1M .OW I S "0 0 MNThS

IC.N) CONTROL (ToN) TREATED N N NUMBER Of RAT,

DOSE: S IN FEED 0 (C, 5) 0.0015 (T, 5) 0.0o (T, 5) 0.07 (T, 5)
b 3 ,/

ERYTNHOCYTES (XIO /o 7.6. 2_ .S ?,44 IS .13 6,AO 1 .34 6.07 0. .27

HEINZ BODIES, % 0.00 a. 0.00 0.00 a- 0.00 0.00 . 0.00 0.00 a. 0.00

RETICULOCYTE. ..37 a .12 7" * .19 eq 1. .7*0 1.?7 Z .3*"

.EMATOCRITo VOL. 9 .4 , .4 9B.A .7 ,7.0 .. .8 "..2 a. 1."-

NEMUGLOBIN@ ON. 1b 35.2 . .2 15... , .4,5 . .1 12.9 s*s,-

ME1HEI4MOLOHIN, • .'t , , 0.0 L 0.OD 0.0 1. 0.0 0.0 0.0

MCV. CUBIC MICRONS 65.04 a...6 69.7 1. 1.6 69.8 a. 3.. 7',7 7 . ?.4Im

MCHO MIOCRO MICROGMS. 20.2, .1 20.7 0.* 21.e. , .flo 21.3 * .4

MCN8C. am • 30.7 _. .3 31.8 i- .3 30.9 :L .4 28.6 a. ,
5 3 a!

PLATELETS (XO /MN, 1 4.2 _# .2 0? a., .3 SOS *. Or, T, ,9.
3 3

LEUKOCYTES iX8O /MM .IS.•. a 1.6 50,o 0, 1,5 15.3 a. 2.2 1.7 3.9

NEUTIMOPHILS-, % 1.8 1, ,0. 21.A 0. 3.? 21.6 1 4.A ?*S.0 a. 2.3

LYMPHOCYTES. 0 79.2 'S.. 9.-? L 3.3 75.2 a. 4.S 73., a* 2.4

BANDS. 1 0,0 a. 0.0 0.0 't 0.0 0.0 0. 0.0 0.0 . 0.0

EUSINOPHILS. - 1.4 a .2 2.2 .2. .7 .'. - .2

bAS00HILS. % 0.0 a, 0.0 0.0 1. 0.0 0.0 1 0.0 0.0 . 0.0

MONOCYTES. . ,O .2 ,R S .04 .0 0- .5 .0 *_ .4

ATYPICAL* • 0.0 *. 0.0 0.0 't 0.0 0.0 0. 0.0 0.0 a. 0.0

NUCLEATED FBC* . 0.0 a- 0.0 0.0 t 0.0 0.0 a, 0.0 0.0 .. 0.0

I/ SIGNZFlCANt'LY DIFFIZRT ?IRO CONTROL RATS Bi DUNINETT'5 MUJLTIPLE C"AXISON PROCEDURE.

ENTRIES ARE MEAN STANDOARD IRROR.
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TABLE 45

LRORA1'TOF DATA OF fm4AL. RATS ATIER FEEDING OT 2.k-DNV F0 18 HONTHS

(C.NJ CONTROL (T.N) TR[E1F1 N M NUN4ER OF RATS

OW % IN FEED 0 (C. 5) 0.0013 (T, 5) 0.01 (T, 5) 0.07 (T, 5)

b 3

ERYTHNROCYTES {X(0 /MM ) 6.f7 r .e8 6.40 .16 6.75 1 .21 (4) 5.10 .28

HEINZ BODIES. % 0.00 j 0.00 0.00 6 0.00 0.00 ± 0.00 0.00 6 0.00

RETICULOCYThS. li .41 .14 1.04 & .2? .77 ± . 1 7) 2.23 ± .36-

HEMATOCRIT. VOL. % 45.4 • 1.5 4.. . 1.1 45.7 2.3 (3 40.,4 1 2.2

HEMOGLOBIN, GM. S 13.9 & .4 12.A .* 13'A .4 (W) 12.0 . -

METMEMOOLOSIN, 9 0.0 & 0.0 0.0 f 0.0 0.0 O 0.0 0.0 . 0.0

MCV, CUBIC MICRONS 6b.2 6 1.1 64.7 & 1.7 67.% 2.0 (31 72.5 & 1.0

NCMW, 14ICNO MICROOMS. 20.3 ~. .4 20.1 s. . 2. .3 14) 21.b .2

0cmv SM s 30.7 .4 ,,9 ,/ $30.1 6 ,• (3) 29.0 0

5 3
PLATELETS (XI0 IMMN 3.8 .1 &.3 ± 73.8 6 3 ~ 76 .

:0 1

LEUKOCYTES IC0 /MM 10.4 . 1.1 14.1 . 1.0 12.6 6 .1 '4) 13.5 - 1.6

NEUVRUPNILSi %. 2%.2 ?.5~ 0.? ±2.? 16.? J.Q 19.2 ± -

LYMPHOCYTES. S. 72.8 ±5.6 79.2 P .4 83.2 I, 78 T.0 .

bADS* .0 0.0 0.0 0.0 L 0.0 0.0 i 0.0 0.0 ± 0.0

EUSINOPHILS. % 1.4 s .5 .4 & .2 ,4 ± .? 1.4 ± .,

BASOPHINLS. l 0.0 ± 0.0 0.0 t 0.0 0.0 6 0.0 0.0 6 0.0

MONOCYTES* t .6 • .4 .2 - .2 .? .2 .6 .*2

AyYPICAL. V. 0.0 1 0. . L 0.0 0.0 0.1)

NUCLEATEU ROC, % 0.0 :L 0.0 0.0 - 0.0 0.0 0.0 0.0 0 .0•

A/ SIGNIXICA.4Y¥ DIPERfIT FROM CONTROL RATS NY DUNITT'S GULTIPLE CCOMARISON PROCEDURE.,

ENTRIES AMl MWAK STANDA•D ERROR.
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UADLS 46

LASORATORY DATA 0? M4ALE RATS AMRU lEIMINQ 2.4-ONT FOX .14 NOMIS

(C.N( CONTROL (T.N) TIREIEO N aNUMOCR Of PATS

OOSE I M0/40/DAY 0.00 (C. 4) 0.0015 (T. 4) .01 (T. '
b 3

ERvMHkOcvrEs (AID /Mm 6.2 r. .41 A.04 . .40 5.6As t, .4?

H4EINZ FOUZCS.4 S0.0 L 0.0 0.0 ±0.0 0.0 0.0

.OETICULOCYTES. % .72 £ .04 hi1? :t .15 6.85 2.32

HEMATOCR1ts VOL. 144.0 ~.2.4 43.3 P .4 44.0 2.7

POENUOLOSIN. 3M0. A 13.6 A 13.A .4 13.3 .

MErHEMOGLORIN. 10.0 0.0 0.0 ±.0.0 0.0 0.0

mcv. cudi1C PMCRONS 70.2 I.A 1.]7.A j.h Is .& 1, .1

MCI*3. IICHO MIcROGM5. 21.6 ~.5. 22.A .6 23.1 .6

MCHIPCe Gm % 30.14 .4 31.9 3 .3 30.3 A

JaLATELETS (910 /Mm ) 4.2 _s .4 3.A .4 3. .

3 J3
LEUKoCYrE$ (xl0 /mH 22.3 0. 1.5 17.7 L, 4.1 16.0 ~ 2.0

N~TOML.431.A~ -4 .3 30.5 1 6.A 32.3 3, .9

*LYMPHOCYrES. S ~ . 4.1 66.8 3,.57 66.3 ~ 5.9

8SNOS. 4ý .4 3, .2 0.0 3,0.a .5 ± .

EU ~SINUP64ILSo % .9 S, .53 so. .3 _6 .2

AASOPHILS- 0.0 3,0.0 0.0 t. 0.0 0.0 -- 0.0

0MUNOCYTES. Is .1 3, .1 0.0 1, 0.0 0.0 ± 0.0

AtYP1CALs 41 0.0 L 0.0 0.0 - 0.0 0.0 ± 0.0

NUCLEATED wMC, A 0.0 3,0.0 0.0 ()0.a 0.0 3. .0

GLUCOSE (FASTINGI. .4(3 4 127.0 3,4.7 113.3 6 .4 1?9.) s, A.q

sGOr. IU/L 4S 2 62 t 10156 ?A~

SO(3P. IU/L 17.3 ~.1.4 19.5 3.1 $9.0 2?.A

A LA~. PH4OS.- I111L 3Z 3 3 2 4.13, 9

clUN9 MG 412.5 .4 13'.3 2.0 21.3 J.

IMMUNOOLUOULIN E- IU/ML 1400 ±L 246I

ENtWTES AWE~ MEAN STIANUARD ERROR
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TABLE 47

" RA0ATOXY DATA or roWE FATS MUTE31206ZNOF00 24-miT FOR 24 MON~h

IC.N) CONTROL 4Y.N) TPE&Trn N NLINoop fr PAYS

005t N O/KO/LIAy (C, 4) 0.0015 (T, 4) 0.01 (T, 4) 0.07 (T, 1)
16 3

ERYHMHOCYflS (110 /PMd 1 6.00 ± .4.7 f,.04 .19 5.'.'. 1 * i

HEIN? AOD~li'. S (4.00 a.0.00 0.0(1 0.00 0.00 -- 0.00 0.O0

RETICULOCICTES. f 1.34. -. .3'. 1,t1 .16 3.0? 1 1.31 .S

MEMA7OCPIT. VOL. % 43.0 a.2.0 4.3.S I. 2. 40.5 1 3.0 33.0

HEMOGLOBIN. 64. % 14.2 a. .7 14.1 a .5 12.A 1.1 9.4

MEIMEMUOLOOIN- 0.0 o. 0. 0.0 ±0.0 0.0 a.0.0 0.0

MCVo CURI2C MICRON$ 72.1 a 2.5 71.5 ± 1.7 75.5 ±3.5 370.B

H MON. MICRO0 M1CRO(,MS. 23.8 A. . 23.2 a.6. 23.f a. .'.

*4Cife~. O1m 33.0 a. .1 32.5 a.1* 31.6 a PA.5

* I~PLATELETS cgjo /MM4 4.0 a. . . . .6 4..2 4. .
3 3

LEUKOCYTES IXID /MM 1 0.0' a. 1.4 14.5 1. ?.Q 11.1 a 1.7

NEUT(40P'4LS. S4 23.8 a.4 2.5.4 a. 2.1 36.3 a. 4.7 66.0

I.YMPMUCYTFS. % 74.3 a.1.4. 4(o.0 2.A (.2.b a.523J.u

BANDlS. .. 0.0 0.0 a 0.0 0.0 n .0 0.0

EO5INOPH2LS4 1.0 a. .4. 0.0 a.0.0 . 7 ±. .'.0

BASUPHILS, 9 0,0 a.0.0 0.0 a.0.0 0.0 a.0.0 0.0

NONOCYTES. 0 0.0 a.0.0 .2 a .1 0.0 _4 0.0 0.0

AYPICAL. I, 0.0 a.0.0 0.0 a.0.0 0.0 a.0.0 0.0

NUCL:YTEL NRR. 0,0 a.0.0 0.0 a.0.0 .2 .1 6.0

GLUCOSE (FASTING). 40 2G214.0 a.10.7 109.9 a 3.8 109.0 a. 0.6. (3) 09.0

SOOT. 2U/L 466a 5 R0a.2 1 0 a.B 4P4 (1) 513

SOPY9 IU/L Z'0.3 P. . 6.0 5. 56 79. 0 S 55.0 (3) 65.0)

ALIC. PWOfS.. ILJ/L 13 a. 2 25 P 21 a. 0 (3)

SUN, MG J 2.8 1. .7 13.8 a. 0;. 1?.',. 1.5 (31 24.0

IMMUNOOLUI4ULIN Es Iu/44L 1863 40S 2200

a/ SIGNIFICAJIMLY DIFlFKUWT FROM CONTROL RATS BY J)Un?4'TS IIULTIPLI C(OIWARSON PROCLEGURE.

KNptiS ARE KW2 + STAN(DARDW ROR.
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TABLE 48

LABO_" ORY DATA OF KALE RATS AMTR FEEDING 2.4-0147 FOR 1; HONQhS A-0D ALLOWINIG TO' XLOVZR 10R 1 MONTH

IC.N, CC.NljIIIL (T.N' TRE4?F1) N s Nl#MHEP OFRAC

[)OqL: i. lp FE 0 (C, 3) 0,0015 CT, 4) 0.30 (7, 4) 0.07 (T, 3)

riEw~1,'P(IYTES tXlC ./Mm 7.2 .1?. (2) 7,24 4 .P2 $'.n6 - .118 (1) 1.i -*

NLINZ FtflflE%. % 0.0 0.0 0.0 4. 0.0 0.0 4 0l.6 0.0 0.0

C'RETICULI)CYTEF.. If .7 *A (2 Pl . .09 .9A± .01 n 3) *A7. J?

rIEMAYOCPYT. VOL. t '.2.0 lo1. (2) 42.3 L 4~ 3.t ?. (. (3) 19.3 * .H MEMOOL09IOIN GM. li 14.5 ( 2) I2 4i.i ± .4 )4.2 ± .(3, 13.4 .0

ME tHEMDGOAI7(N W 0. o.00 0.0 0.0 6.0 o ~ .D ( 0.p 0.0 0.0

MCv. CLINIC MircrINs 55. 2 2. (? 54'. 5 1. 5a3.4. 1.1 03) %2.7 ~,3.Z
MCII,. MIC.(0 M1CRfl0MS. 19.1 ± p2 (1? 19.P* l 7a .1 (3)- 1ia. .

0MCNHCt GM ' 34 ±. 1.2 (1 33.3 .4 33.0 , .3 (31 341~*

I:PLArELETS (010 /Mm '*. . S (2) , .3 '. t- 131 4,A ..o

LEUK(OCYTES (lit' /'Mm 1 6.8 .7 12) 9a.1 . A 9.( . ('41 7.,# 3.F

NtI TOOfP-4ILS. 11 ?0.3 TO P. 2.5 A R.1 P4.0 3a. r . .

LYMPHOCYTE.. ? 6.3 * S.4 76.0 ± A.1 74.h. 4 .1 74.3

dANV%. % 0.0 L0.0 A.0 ±0.0 0.0 G i.n C.0 0.0

EUISNIPHILS. 1.3 , a .± * .7 ± .7

f4ASOPHILSo 1 0.0 0. 00 C.0 z 0.0 0.0 rý.of, 0.0 o .0,

C M~~0NDCY'fESo 1.0 h..1 *A± 3 ,0. 00

ATYPICAL- lb 0.0 0.0 0.0 ±0.0 0.0 1 0.0 0.0 A. 0.

NUCLEATED P~AC. 4k 0.0 0.0 0.0 ±. .0 0.0 t 0.0 0.0 4- 0.11

GLUCOSO (FASTNS). MA' f 123.0l 9. 0 119.0 0.4a. 040.1. --. 1 13%.0 ±22.'

SOOT, Iil/I. 75., G 2.A 6&.0 6 .4 63.3 _4 b.5 7.3.0 16.b

SOPT. iu/4 27.7 .0. e 3a.5 1.7 ?Ba.% : 4.r 2q,7 .

ALE. PH4oS.. iII/L 4 a 3?~ 2 43 .1

MCJI, MO S. 13 l .? 2a.r 4 .7 1~a P 1,r. f.'

IMMUNOGLOO~ULIN Et IU/14L 76,7 t 196 2833 727

g/ SIGNIFlICA~rLY OZPFUMCT PROM COM~OI. RATS BY MWr04TTIB HULTLPLE CO(PAJU5W( II0CX)URE.

%nZIS ARE MWA S flANRD EIROR.
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TABLE 49

IC*Nl 1F0NTPOL IT.Ml TUPAT1FM . N UMNIQ OF RAT%1

MISO5 s. N Pr~u 0 IC. 41 0.0013 (T. 41 0.01. (TA 4) 0.07 (T. 41

(AYTHNOCYTES IX1104~M 1 1.04 0 .13 A.S2 -- id0 F1.70 t .20 A.z9 .21 (3) '

4LNZNMOOIES.I4 0.0 0.0 0.0 *.0.0 0.0 1. 0.0 0.0 ± 0.0

o4fMATOCNV: VOL. 4 %%.a .9 .1 4P2 .9 (31:;

HE'IO44 ONM .fL0N % 41L . 3AL . 33 . 321 . 3

14CV. CUI ICRONS 9.1 P. I AA . 63 .9 68. 3.A'. 3

C'I.MICIO0 mICqM~flM. ±.0 .3 1.0 1, $A 19.9 t .7 1.0 .1 1l3)

14CI4WCO ()m 0 4.3. L .? 30.6 -- 1.0 31.2 0 .3 31.1 t 1.-. (3)

PLArFLETI IXIQ /M" J S.1 L .*3 6.2 0. . 3.S *31/ 5.1 -, .1 13D

LEIJN0cYvfs IXIn 114M 1 S.3 t .4 4.q , .1 6.4 1.3 .t 18(3

~4CtU NlLO .IL. 1.4 27.0 Sol. 19.3 01.7 1. .

LIMPNOCVTVS. 77.3 03.'. 70.13 % . .A 1 3.3 03.0 t5.1

jANfli* 44 '40 3 .0 0.0 0 . 30 30.0 0. (.0

E05A4PNIL4 46 :00 f. :3 00 t.q00. . 0.0 L0.0

WMO~OCYTIES . .0 0. .3 .0 .3 .3 .3

hV&'fCAL. 4 .0 f) 0. 0.n 0.0 0.0 1. 0.0 0.0 1 0.0

vKIILEATE) PRO. 6 .3 ? .3 0.0 0.0.1 0.0 t .1 0.0 0.0 0.01

9LUCf)fII(17&TINI)l. 04 41 123.0 t 140. 120.0 t 16.?. 125.0 -- k..4 114.3 1 4.3

6001. 1'i1L 76.0 t. 9.2 69.5 t. 4.s 70.3 0. 4.1 12.'3 0. .2

3G1"I. luI/L as.6 A. ?$1 . 3.4 22.0 t. 3.3 24.3 ~.I.-

ALF(- P4400.. t111, 14 0. I14 t 1 13 t 13 1

4Um. Wi6 4 12.3 0. .0H.A 13.8 t K ~ 18.3 t I1A'-

:M..lj.40i-L0IINu! E. ZU/MwL IMAR0 $to6 6-'o t 0

li ltiit.VXCAaItLY DUVUNT FUNm GOPIZOL EATS BY DUIJtOITTS .WLTIPLI CONQAaXSON PROCEDURE.

EMUIZS Au HUAM +~ STAN""~f 3600.
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TABLE 50

LA]IOMTOPYDATA 0._MALI PATS AMA'VR TING Of 2.4-DOT FOR 24 MOMIS AM ALLOYIH .TO RWCR IFOR I03 O 1 T00 7

(C.Nj CONTROL (T.N) TREATED N ' NUMOER (IF AAT.

DOSES MGKO/DAY 0 (C. 4) 0.0015 (T. 3) .01 0. 1)

6 3
EHYsHkOCYTES (U10 /MM i .* 1.26 6.02 3O .43 6.00

HEINZ RMOVIES* 0.00 & 0.00 0.00 t 0.00 0.00

RE7iCULOCYTES. t 3.79 2.74 1.01 s. .%3 .601

HEMATOCRJIT VOL. W 34.0 6 6.8 36.7 1 ?.A 4E.0

MENUGLOBIN. G0. 1 11.2 L 2.3 12.l 1 ,A 13.A

METHEMOOI. OIIN. I 0.0 ± 0.0 0.0 O (1f. 0.0

MCVo CURIC MICRONS b2.7 _ 3.2 01.n 3 7.1 61.h

MCHk6o MICRO 0*ICROOMS. 20.6 :L 3.1 2D.1 -- .' 2.0

mcIWc. am 32.0 1 .4 32.0 .3 32.4S5 3

PLATELETS IXI1 /MM J 4, b .3 5.1 1 .4 6.1
3 3

[.EUK()CYTES (XI0 /HM 1 10.8 0 .7 10.3 3 3.0 10.2

NEUTROB'NILS- S 44.3 3 7.0 31.3 3.t 3.. 2.f0

LYMPHOCYTES. * b4.5 3. 6.7 A6.0 3.3.? .78.p

PANOS. 4 0.0 0.0 0.0 L D.0 0.0

EOSTNUPHILS, .6 s .0 .T ± .a 0.0

RASO1IHILS. % 0.0 0 0.0 0.0 1 0.0 0.0

MONOCYYES, S .5 L . 0.0 t 0.0 0.0

ATYPICAL. s 0.0 • 0.0 0.0 -_ 0.0 0.0

NUCLEATEO ROC. s 0.0 3 0.0 0.0 t 0.0 0.0

GLUCOSE (FASTING). Mb l 97.6 18.6 105.7 1. 12.0 q5.6

SOOT. IU/L 56.5 3 7.? 2.3 • 14.1 65.0

SGIJT. IU/L 21.3 4 3.S 32.3 4.3 .5.0

ALK, PHOS.. IU/L '06 - F3 36 p 37

13UP0 , MO 3 41.S 13.2 Z1.0 9 .0 42.0
1M.UNUGLOWULIN .4U/MIL As. o 0 450

ENTRIES ARE MEAN _ STANOARO ERROR
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!I
TABLE 51

A.,,ln W* IBAR N V•'rr IZEO INO 2.04-01- FOR 24 HMGM , AMJ. ALLOWING TO 'ZCOM 0•1MONTH1 !,1t

iC.Ni CONTROL IT.N) ?REA1ro N u NUMBER Of RATS

OOSEt MO/KG/DAY 0.00 (CC 4) 0.0015 IT, 2) .01 (T, 4)

ERYTHNOCYrES (X1O /MM 1 b.06 L .6 9.66 # .?4 5.93 ,
MEIN: RODIES, 1 0,00 't 0.00 0.00 4.00 0.00 1 0.00

RET[CULOCYTESo 1 .A7 _ ,.17 1.03 . .34 2.06 & lO.1

SHEMATuCAIt* VOL. S 37.8 2.•7 35.5 .1. Z.3,O••?

HEMUOLOBIN. . 12. 1.1 1 .4 1.1

::rHEMOOLORINs A 0.0 0.0 0.0 0.0 0.0 01:
, 4CVo ClIolIC MICR(NS 00. # 3.6 6Z.7 1.8 63t9 300,

mcNIOc, m 32.9 _# S 32. 0I 32.S .
S

*PLATELEtS IXIO /MM 9.1 .3 6.2 L .41 5.0 a .2

LEUKO(YtES IXIO /MM .S.? .6 10.7 . .1 - 5.8 . 1.1

NEuThUPHILSo % 43.5 . 4'S 67.5 7. 37.3 a 1.'

LYMPHOCYTES. 1 59.S a 4.5 32.5 * 7.51/ 61.3 .,4

8ANOS. 4 0.0 • 0.0 0.0 1 1.0 0.0 a 0.0

EOS|NOPHILS. i .. 5 O , 0.0 1 , .5 1.2

BASOPHILS 1 0.0 • 0.0 0.0 L 0.0 0.0 • 0.0

H UNOCYTE$S .3 .3 0.0 0.0* 0.0 0.0

ATYPICA0 0.0 0.0 0.0 0.0 0.0 • 0.0

NUCLEATED RAC. 9 0.0 a 0.0 0.0 . 0.0 0.0 • 0.0

GLUCOSE (rASTTNO). MG 4 99.0 # 8.4 ?8.9 9.9 101.0 a 7.9

SGUr, lU/L 64.8 _ 5.3 97,15 1 26.. 56.3 t 1.7

Sapr. lU/L 26.5 L 3.6 35.0 14~.0 ;.1.3 ?.Q

4LA, IPMaS.v WJ/L 11 a 237 a14 25 11I

HUN. Mo 1 12.3 1, 1.0 17.5 S. s 15.5

[MMUNUOLONULIN E. WU/0L 450 ± 0 450 n

a/ SIGNIFICANTLY DIFFERENT FROM CONTROL RATS BY OUNNE''TS MULTIPLE COPAISoN PROCEDUREi.

ENTRMS ARE MEN + STAIDAN ERROR.
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TABLE 52

ASSOLUTS AND RELATIV9 ORGAN HW!G1TS OF RATS FED 2.4-DNt FOR ig MONTHS

Terminal
Doe Body W~iight -Absolute Orgap Weight (a)

(% i £ eefl~ ~ (2) Luk AL Kidne spleen its2u

Mtale 0 626 1 4-V 2.28 ±0.0J' 16.5 ±1.5 3.5 ±0.1 0.96 0.09 3.7 ±0.1
0.0015 049 ±28 - 2.26 ±0,08 16.2 ±0.4 4.1 ±0.3 1.00 ±0.05 3.6 ±0.1
0.01 60004 31 2.30 4.0.07 14.9 4.1 7 3.9 -0.3 1.04 ±0.11 3 ± 0 2/
0.07 438 111 2.21 ±0.07 21.8 ± 2 0 k 5 6 0 *~ 0.79 ±0.09 2.1 ±0.2

Female 0 363 4.19 1.98 ±0.02 9.5 0.4 2.3 ±0.1 0.61 + 0.04 0.149 ±0.021
0.0015 421 ±19 2.07 ±0.05 10.1 ±0.7 2.5 0.2 0.74 ± 0,06 0.194 + 0.027
0.01 373 ±41 2.03 + 0.08 9.4 + 0.6 2.3 ±0.1 0.63 ± 0.04 0.183 ± 0.015

0.07 255 +±ik 1.90 ±0.09 11.9 ±0.8 2.7 ±0.2 0.31 ±0:02k' 0.164 + 0.009

Dose Rdlative Organ Weight (g/100 & bady-tai h;

male 0 0.30 + 0.00 2.63 ±0.19 0.56 ± 0.01 0.154 ± 0.013 0.59 ±0.02
0.0015 0.35 ±0.01 2.51 ±0.10 0.64 + 0.03 0.154 ±0.008 0.55 ±0.02
0.01 0.39 0 002 2,46 + 0 20 0.67 ± 0.07 0.175 + 0.022 0.585 0.03
0.07 0.51 0- 2k 495 0:Q34/1 1.28 ± 0 .00k/ 0:182 ±0.023 0.48 ±0.09

Female 0 0.53 ±0.03 2.65 0.18 0.64 ± 0.03 0.171 ±0.015 0.041 ±0.006
0.0015 0.50 ±0.03 2.43 ±0.29 0.61 + 0.08 0.178 ±0.020 0.047 ±0.008
0.01 0.57 0. 007 2.39 +. 0.19 0.02 ± 0.06 0.179 .1 .5 .0b
0.07 0.75  0:00 11/ 4.69 0.30/ 1.7; bi/ 0.230.011 0.0650 ±0.003

Dose Relative Organ Weight Ca/z brain weight)

Male 0 7.24 ±0.60 1.355 0.05 0.422 ±t 0.038 1.62 ± 0.07
0.015 7.21 ±0.36 1.85 ±0.18 0.442 ± 0.015 1.59 ±0.08
0.01 6.1,7 ±0.69 1.72 ± 0.10 b/ 0.451 + 0.040 1.49 ± 6b
0.07 9.88 ±1.04 2.53 ±0:17- 0.356 + 0.033 0,94 ±0.16ý

Female 0 4.81 ± 0.24 1.16 ±0.02 0.310 ± 0.018 0.076 + 0.011
0.0015 4.87 ±0.28 1.21 ±0.07 0,358 ±0.028 0.093 ; 0.012
0.01 4.68 ± 0 38 b/ L.11 ± 004 / 0,322± 0.016 b/ 0.091 ± 0.007
0.07 0,29 0.54- 1.43 ± 0:0?k 0.165 ± 0.016- 0.087 ±0.005

j/Mean ±standard error of four race.
Sl~nificantly different from control by Dunne~tts mult~ple comuparison procedure.
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TABLE 53

ABSOLTE AD- RELATIVE ORGAN WRIGHT$ OF RATS FED 2.4-DNT FOR 12 NONT1IS AND ALLOWED TO RECOV•R FOR I MONTE.

Terminal
Dole body Weight Abaolutv Omano Weight (a)
in~ .% lenad (. ....LU...... LAUn Kidney Ulm* ILISIL Ovary

Male 0 678 ± 341/ 2.02 + 0.08 16.1 ± 0.3 3.7 + 0.1 1.11 ± 0.10 3.7 0.4

0.0015 650 4" 211 ± 0.08 17.5 + 1.3 4.1 ± 0.5 1.13 + 0.10 3.8 ± 0.3
.01 675 ±7 2.31 + 0.06 16.6 0.8 3.8 +8 0.2 0. 0.04

0.07 471 + 621' 2.11 ± 0.07 26.1 .0.72- 3.8 4 0.0 0.73 0 0.04 2.1 ± 0.7

Female 0 467 ± 37 1.96 + 0.06 11.1 ± 1.3 2.4 + 0.1 0.66 + 0.07 0.229 ± 0.017
0.00.5 446 3- 1.95 0.06 11.3 ± 0.7 2.9 0.2-/ 0.77 4. 0.02 0.224 + 0.062

0.01 427 "j 2/ 1.88 +0.05 11.8 ± 0.7 2.3 ±.0.1 0.69 0 07 0.190 ÷0.015
0.07 266 , 5P 1:85 _ 0.09 11.3 ± 0.6 2.3 ± 0.1 0.31 ÷ 0:02-1/ 0.153 ± 0.017

Dome lalative Orman Weit h ,/100 t body weiaht)
s (% in feld) Lihver K•nySle To s-t~ is 2=

Male 0 0.30 _ 0.00 2.39 ± 0.16 0.55 + 0.05 0.164 + 0.017 0.54 + 0.03

0.0015 0.33 + 0.02 2.76 ± 0.36 0.64 + 0.10 0.178 4 0.026 0.60 ± 0.06

0.01 0.35. 0.02 2.49 ± 0.18_. 0.56 4 0.03 0,125 ± 0.008 0.52 ± 0,02
0.07 0.46 ± 0.04- 5.75 . 0.80- 0.97 + O.1I-J. 0.156 ± 0.006 0.43 ± 0.09

Female 0 0.43 + 0.03 2.37 ± 0.10 0.52 ± 0.05 O,142 ±0.010 0.049 ± 0.003

0.0015 0.44 + 0.03 2.55 ÷ 0.06 0.65 ± 0.06 0.174 + 0.008 0.052 ± 0.Olb
0.01 0,44 + 0.03/ 2.76 ± 0.09 0 55 ± 0.3 / 0.163 ± 0.019 0.045 ± 0.003
0.07 0.70 ± 0.03-A 4.268 ± .22/ 0:86 0.034 0.119 + 0,009 0.057 + 0.006

Dose Relative Organ Weiaght (/a brapn wgiaht)

C% inaa Liodr Kidney OplenTeti

Male 0 7.98 0.,44 1.83 ±- 0.13 0.549 + 0.051 1.81 ± 0.13
0.0015 8.38 • 0.94 1.96 ± 0.31 0.541 0,069 1.80 + 0.08

0.01 7.21 ± 0.37 1.64 ± 0.08 0.364 ± 0.019 1.51 + 0.01

0007 12.43 0,661/ 2,12 + 0.07 0.347 ± 0.038 0.99 0.281

Female 0 5.69 0.66 1.21 + 0.05 0.339 + 0.033 0.117 + 0.008

0.0015 5.83 0.35 1.47 0.10-1/ 0.395 ; 0.013 0.113 ± 0.026
0.01 6.30 ± 0.54 1.24 + 0.02 0.367 + 0,036 . 0.102 + 0.010
0.07 6.18 + 0.50 1.24 ; 0.06 0.171 ± 4 0.0142

I./ Mean ± atandard error of three rats.

k/ Maio standard error of four rate.

S/ Significantly dLfferent from control by Dunnatt' multiple comparison procedure,
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TABLE 54

IMMY OF LESIONS X1N MALE PATS FED 2.4-DNT FOR 12 MONT•S

Dose (. in foed): 0 10.0015 0., 0.07
Rat No.1 iM nl 02M wH 2
|Tres l "1 Re lacedF/utz ImsLign /

Liver
Foci or areas of hepato-

cellular alteration I ±.. 1 1 1 1 1 1 4 4

Hapatocellular neoplastic i

--------------------------- - Xoue.....................................
spleen

Testis

Atrophy of sominiferous
Su _•kull - - -. - --_ -- --

Epid idymis
Depletion of sperutosoa

,idney 2
10_ 214ueni n Ph-ro-p1*7 - -- - - L

_OherjLoes-1one

, Adrenal Gland

hCystic degeneration
- t - 1hpli, ------- - -- ---_--i--. 2----- ----------------

Pieiart
I i ,,,Lver/

ga-Ilv ------- - -to• 1. 2_ - -....--- -- -----
Trachea

. . v liu nia -- --1, -z - - -- . - I. - _2_I _ 2 . . ._ . . . .

Liver

Portal infiamation or

granuloma
Utr•vaidulolry hemato- 1

_ .zoialflaaras---------------.---------- ----------

Spleen
IZctreuedul lary hmat~o-Ij1

....Ao ............. ......--------------------------

-• ' -..... - -....- --....- --... - - - - - - - - - - -- - -- - - .- .l .,.,; - ..

r .... . •1 i • ' '" . ...... T''T ....T"•T ... "•i i- i .... i-:i"' ••'•''' •" ......



TABLE 54 (concluded)

Does (% tn feed)3 0 0.0015 0.01 0,07
RatNo.: 301 301 1 7 19_4 ja 110 M 317 2LO 32 780 3U N 2 t

Other LaionaL (concluded)

Testis

- ] e A oel e £ja n _p -. 1 _ - - - - - - - - - - - -- t- --. ,-- -

Apididymts
interstitial inflammation Ii

1' 2 ~l,,.I;:L-
Vesioulit-i 2

- Zoj.1 101l-lib - - -- -- -- --
Kidney- - - - - - -MiLnor lymphocytic infil- m

tration•d neua ,.- -
lDone Narrow _' lf 1 j2,31 •

,... .V .L . _0 . .0 . ., .. ._._O 2j.• 72 _1! _• , 2 _1.L_ 1. 1 2.7_

Tisasue not listed were normal.
L/ Severity of lesions: 1 -miLld; 2 m uoderate, 3 - marked; 4 - severe; + - queationable; X * present;

0 - tiue uiesinS or unreadable.
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TABLE 55

S1MWARY OF LESIONS IN FW&ALE RATS FED 2.4-DNT FOR1 1: MO1T10

Dose (%, W feed): _ 0,0012 _____ 01, 0_07

IL_______ W 2L__ 2a 362_ U7 _DO _2__02L

Rat No.: 51 2J U U4 369 EO 3 76 371 376

STroestmnt-Related L*lionII/

Pituitary

Liver
loci or areas of hepato-

cellular alteration 1 3 3
Repatocallular neoplastic ,

_.Lsod0As- - .........- - - - - .- _X_
spleen

aimary Gland iI

Kidney

POrt Lion t

Adremal Gland ,t ]----
_ •tj*~_d&Unrjtc& _. ._ 1_ _ .1 _ _1_ _ I ........ .... 2_. _I._ I J . ..... ..

Chronic urine

... j3 1 .O I. .............. z.. _dI1..O I_..~. _ ibA Marrow - --

Liver
Bile duct hyperplasia 2

Portau noliteda r or al

Fatty chanse m o
Ex~romedul lary hemato-

i~pleon

ICctramedul lary hemato-
_. •o~ij . .

Ovary
_ -Ovlran sylt -_ -I - -- ---------- --

liidney
Minor lymphoeytic in-

emne Ma•rrow

T~susue not: listed were normal.
a/Severity of loseene; I a mild; 2 •moderate; 3 m arked; 4 severe; .•-questionable; X -present;

0 •tissue milssing or unreadable.

107



TABLE 56

SUMW* Y 0F LESIONS IN HALE RATS FED 2.4-DNT FOR 12 MONTHS AND ALLOWED TO RECOVER FOR I MONII

Dose (%. in feed): 0 0.0015 0,01 0707

Rat No.; JU jaZSJ LM J6121a2 M L4139D

Tr•atment-Rela •td Le iona/

Liver
Foci or areas of nepatocallular

alteration 1 1 1 1 2 4 4 I

Hepatocellular neoplastic

Spleen
- - --eLs .ve - --ni- -. a -n ,- - 1 -

Testis I

Atrophy of seuiniferous
.., IO -uul - 4 _4_. .
pididymus
Depletion of opermatozoa

U~dney
Senileneohro ath, 1 1 1 2 1 3 - 1- i ,

Other Lesions

Adrenal Gland
Cystic degeneration_Laltx jh.nm, -. --

Pituitary

Trachea _~~ ~ -r.le•, -------. -- --

Chronic marine
. - a ,i u r g i - - . .- _- . . .-_ • _ _ z - -_-_- -_ --

Heart
Focal myaocrditis or

- likrosis- 1 - 1 m F- -1
Liver

•ile duct hyperplasia 1 1 1 1
Portal inflamastion or

granuloma 1 1
Fatty change 1
Extra medullary hematopoiesiO

iil
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TABLE 56 (concluded)

Doese C. in food) 0 010015 I0.01 00
Rat No.!, L n321 L L

Other Ji&Ljl (concluded)

spleen
. .ir~~~ . .. .. .. .. .. .. - ----.

TestisII
Oalciflal luku.L fL - ---- -- -- --- --- ---- --- -- r --- --- -- - - - -

Vascular cuffis
- ovaUlaijtiofl SA...ezilal --- --- L- -- - - - - - --- -

Prostate

Wancreas
-P& cjj ibLras.&s..oL ijel ------ -- -- -- -- -- ----------- - - - -

Intestine

KidneyFF
Minor fatal lymphocytic1 1
infiltration I

Microcalouli 2I
Eye

Corneal epithalial

-_____ - -L -~3 -~ -. L -~ -~* -. - - - .15 L1,3- _j.~17_

Tissues not listed were norml.
j/ Severity of lesions: 1 a mild; 2 - moderate; 3 *mark~ed, 4 several a questionable; X a present;

0 *tissue missing or unreadable.

Irk
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TABLE 57

5UqOI4IRY OF LESIONS OF FMILE RATS FED 2.4-DNT FOR 12 MONTHS AND ALLOWED TO RECOVER FOR 1 MONTH

Dose (% in feed): 0 0,0015 0.01 0.07
Rat No.: 12 3~ 1 64 & . Z 3 37 38 32

•.eatUit tRelated L.esionll/

Liver

Foci or areas of hepatocellular

alteration 1 1 4 2
Hepatocaellular neoplastic nodules x x
-hezsan°lelZllar-cp-rAizor -- - - -------------- --- ---- j

Spleen
- 1XLOe.1VA livEVL•RL---ii I- -- -
Mesary Gland ... .

- ZikraRaleora- - --
Kidney

Other Lesiotns 2 1 1 1

Adrenal Gland

Pituitary

Annonuijlax R0lL lost - - - ----- ----- I---- ----- -----
_ 5zonibz, .zzie lezn~ 2z , 1 . l 1 .~

Heart

Portal inflammation or
granulom 1 1 1 1 1

Fatty change 2 1 1 1 2
- &~Jyh~pL2~l. t----------------- -- -----------
Ovary

-2VAIran Syrt-- -- -- --------- - --------------- - ------------------- ----- - - -- - - - -- --] --1
Uterus
. n/o"~rktis_ -

Pancreas
Focal fibrosis of islet 1
Focal scinus atrophy1 1

Interstitial mononuclear cell
_ lnliltzatin-- - - ------------------- -------- -------------------------

tntestine

Kidney
Minor focal lymphocytic

infiltration I I 1 I
Microcalculi 2

Urinary Bladder
Hydropic degeneration of

- - ajithelila -loneaHarrow jj
Sos Naro2.wO 9.1 7 1.2 1.2 1_jO2.9 1.9 1.5 1,7 1.8 2,2 2.7 _.1

7

Tissues not listed were normal,
al Severity of losionet 1 - mild; 2 - moderate; 3 - marked; 4 - severe; + - qiestionable; X - present; 0 - tissue

missing or unreadable,
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TABLE 62

SVUlBY Of LESUION Or UAN FED4flTF 2 ~?

iDosem in~ fooed): ________ _________0,0015 0.01

Mt NO.1 002 006 000 012 054 057 058 062 104 105 106 207 210 136 234 236 237 242

it AtaaWat.ate~d Ldaesion.

PituiLtary 0 0 0 0 0

"Lver
feel or areas of hapato-

cellmUlr aitevatien I 1 1 I I1 1 1 1
Hapatoe.Llulof Geoplos tie

modules

Atrophy of Amliniiefoug

Submaseemos messuahymI

Vlbw adesoms x x x x I x X C
Ad~neerenoincawene~ax

- ---- --- -- ----- -- ----- - - -- ---

OterLeson

Adrenal Gland
Cytic degeneration1. 1 1 2 3 3 3 2 2 1 3

Cortical t:r C
Fhsochromacytoms, C x x x

Th~yroid
C 8.11 tU§er (adenoun)
Varachay::Ld hyperplasia 3

- - - - - -- - I - - - - - - - - - - - - - - - - - - - -- -

Trachea

.ZrzAhotisu.. - - - ---- i------- I -------- -----------------------
Lung

Chronic marine pomumoua I I I1 1 1 1 2 1 1 L 2 I
- -aqjcto -f.lvoa - ---------- --- - -

Heart
Myocardial fibaoeLl/degaft.

arstion 1 1 1 11 1

Wie duct hyperp Lois L 1 1 1 1 1 1 I

ratty change I 1 I
- £jtjc..duanaratioa .1 ...... 2

it
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TABUE 62 (concluded)

Does (M in feed): 0 0.0015 0.018e4a il F'eule .....,.. Halt.... .. •I.I~1 i aulat

I.at No.: I _4 jU 0_37 JL LU I jJj3,8 3JI~JL4 ZJa I

Other Lasions (concluded)

spleen
Entramedullar, hemstopoiesis 1 2 1 1 1 1 2 1 3 1

- -xjjsvj -Lj6sit - - -1 ............ - -.
Teltis

Interstitial call tumor X X
.Zaxijr.e*jil I. . .oj . .. . ... 3 -3 -

Spididymis
Atrophy of ductules 1
Too few spermatoaca ir

Pros tategu•.Xl.s 2 1i Azosby• -- --1_ -- --. .--. .--l - -.........- --- ---

lazinal !et ig.g,, -11o - - - - .............. --. .
Ovary
_ gyp'. R S, l .v . ............... . L .. . . .... . .. .x . j .I
Uterus

Aciuer atrophy (focal)
Acnt4r cell tumor 3x
Islet Coll tumor 3
Islet cell hyperplesia X I x
Psriarteritis nodosa 1 I

-LOAII Reariasl -- -- -- ---- ---------- -- -- -- -- -- -- --------------- - --l
Lymph node . . 1.. .

Lymphoid hyperplasia 1 I

Salivary Gland- - - - ---

Laagiia- -- -- ------------- ----- -- -- ----- -- -- -- --- ---------- --
StomachI

Dilated crypts
Calcifl.ation of saloon s I il 1

- axilr.1e4iik WIoio&A(24nlus) -- -- - - -~ .- - - -.. - - - -- - -

slcitasr Qtio of vascular wall 2[

C:ronic msenile aphropathy 2 4 4 2 1 4. 1 1

Calculi 1 1
Pyaliti 1 1 1 1
Hydronephrosi 3-------------

Urinary Bladder I
SiLtaujej lu, en - -- - --

Skin j'- £el ltl
lye F- -

Keratitis or conale calcL.
fication 1 I l l 1

i '{ 1Lrxoehx - - - -. -- - -- -( - ) .• . . . . . . . .; - .-

Tissues not listed ware normal.
L/ Severity of lesion, I mild; 2 moderate; 3 - marked; 4 s severe; t * questionable; X* present; 0 • tissue missin$or unreadable,
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TABLE 66

S1Y64A1Y 0 LESIONS IN- VALE ITS ?7 0.01% 2.-MaT AND DYING AT UNSCHEDUL1 TE *'

Rat No. LiZ I" LU Ii LIU LW I• 1hfliU LB ii iA =k/
Week of Death: 79 63 84 63 as SI B2 96 98 98 101 104 107

Traatfn-t.Releted lesLoniC/

Pituitary 0 0 0 0 0

-. cr--po, - - .- - - -- - --
Liver .

Foci or areas of hopatocellular ..1
alterAtion 2 1 3 1

Testis
.-AranPLv.--o- - ---Ln-eo--• -.-. t * -- -- 4 - --

Skin
jbaukenLesuiLo

Adrenal Gland 0 0
Cystic degenerstion 1

Ahtacirmucztol- -- -- --- --- ----- --- -------&- -- -- -- ---- -- -- -- - --------- -
Thyroid 0 0
C call adeno*a X
Thyroiditis 3
_Pjr•.v rojd_hZPJLrglaa - -~•* - ------------- _

Tracheas_K*aShiiLj 1 4 •.• •
Lung

Chronic murine pneuuonia I 1 1 1 1 1 1
Pseudotuberculoeis 4

_.C• iai£Lioaaiio..o _!t~eghir...y11-----------------------

Heart
Nyoctrdial desgeneration/fibrosis 1 1 1 1 3 2

Liver

Bile duct hyperplasia 1 1 3 1 1
Portal inflamation 1I 1 1 1
Focal necrosis 2 2
Patty change 1 1 1
CYOSAj,• flex.a~lLir,- - -

Spleen
Xxtramedullary hematopoi•sis I
Excessive hemosiderin I
_FjibLoaLc1iaos_-------- ----- --- ----- ----- -- ----- --- ----- - -- - --

estis 0
Interstitial cell tumor X X
Pewiarteritis uodosa 3T.ApIrailsinisis - - - - - - - -- - -- - ---- - ---- ---------- I---
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TABLE 66 (concluded)

tat No. U1 W U1 L U 1. W W U 2 L UI L.U., UA U2U.L
weak of Death! 79 83 64 86 86 68 92 98 98 98 101 104 107

Other Liion (concluded)

I[p Kdidymfs, 0 0
Atrophy 1 3 1 3 11

Too few spematosot in4

Prostate 0 0 0 0
Prostatitis 31

Seminal Vestils 0 0 0 1 0

Atrophy 2

Pancreas
- eLit~uti•£.

Acina! Atrophy (focal)

L ymph Nods 0 0

- - -d - - - - - - - -- - - --. ---

Stomach 0 0

- s cAfication of..u&cile1 - - - - ---------- 2L 4 ---------
tntestine

. .l~ jnm . . . .. . . . . .I.. . . . . . . .
Kidney 0

Senile chronic nephropachy 3 4 3 2 4 2 4 1 3 1
Pyalitis1 4

. . . . . . . . . . . . . . . 2 . . . . .L . . . .2
Vvi'ary Bladder 0 0

Cystitis 1

Brain 0 0
- &bL:e-keS'iiln-------------------... - -- - -- Z
Rtib- ''-lll-' iti L 1 •

eye 0 0 0
Keratitis
Retinal atrophy 1 I 1 1 I_ jqjaous..c~j_" '£actnSm-----------------------

Tissues not listed vere nornal.

I/ Severity of lesionsi I - mild; 2 w moderate; 3 marked; 4 a severe; ± - questinable X - present:
0 * LiOSUe missing or unreadable.

b/ Died du'ini ,hird week of recovery after 24( months feeding,
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TABLE 67

SIJ4AIY OF LUSIONS IN F•NALE RATS FED 0,01% 2.4-DNT AND DYING AT UNSQgHEDULM TIMES

RatN.! UJ UZ I" M M L W U • w W 2Wa.: LU w w w
Veek o Deatht 57 59 69 76 866 86 88 91 92 92 95 995 98 i03

Tllllllll-l11 ~ldLegLong/

S. •hLojoihjbjl 4•d •o . . . . .X . .< . ...... __-• X X

Post of areas of hepato-
cellular alteration 1 L 2 2 2 3 2 2 2 2 2SlteHpatocaellular neoplas ti I

nodule X

;Z-aryCaudAl~lt.Lt~ --- - - - - -- --. 1 ----

Adenomm x

- kt]enua----------------- & ---- .�-- .-----------

Adreal Gland
Cystic degeneration 4 1 3 3 3 3 3 3 1 3 2 3 3
Cort-icl t•,1 r x

Thyroid 0 0o o
ja £.l...aneofa-------------------------- .. . .. .. ----------

Trachea

_~ ~ ,,on -• -ul:n~,.,l..,' -;. -t -. -, -_ - -- -; - -I --+ _2 _.' .- . .. . .._
Lung
Heart

Hyocardial degeneration/
liys-------- - - -- -------- --------- --------------LLv~r

Portal inflasmation 1 t

Focal necrosis 3 3
Fatty chande L 1 3 1
Telangieetamts 1

---- -- ---------------- -- -- -- -- -I -- - - 3..._3
Spleen
Extramedullary hemotopoiois 1 3 4 4 3 2 3
Excesetve hemosidevin 1 j 1

. .l ho Idda..1,+,P,.* ..,n _ 2 t,.

-2. .. .-r
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TABLE 67 (concluded)

Mt No.: .
Week of Death: 57 59 69 76 78 86 56 66 88 91 92 92 95 95 95 98 103

i 2Other t.iton. (concluded)

Ovary

Utberu atoh 1E) ~ 0
- Ifdo~prrtis------- ------ -------. ---- -

Pancreas 0 1
Minelr at~rophy (focsl)

_Is0e 1hypIVIl-. --- ---- -- I -
Lymph Node

. .c. .d hzpa. .s.a- - .- --------------
Sltomach

Kidney
Senile chronic nephropathy 1 1

HicrocabculL in pelvis 1 1 1 I 1 1 1
RBO-pLgmIn epithelimI

, -,o1L.. pPoaulj.aM 1.111----- - -- ------- I- ------
Eye|

Keraeicis 3 1
Jol~a ith j -..-. *-.-----------1-

-j - -- -
Tissues not listed were normal.
a/ Sevesrity of lesions: I - mild; 2 m moderate; 3 - marked; 4 - severe; . * questionable; X - present; 0 tissue

missing or unradable.
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TABLE 70

NON-12.DNT-REIAT ED TUMORS tS RATS FED 2.4-0IT MORE TMAN 12 MONTM

Dole (% in od)i - 0,0015 0101 0.07

Adrenal Gland
Cortical tumor 1 1 1

- h&ahjLoblopy. o ... . .. . .. 2_ 2 3 . .• 3_2 3_
Thyroid

C cell tumor (edenoma) I 1. 1 2 2

PancreasActnar cell tumnor 1 1 5

plie; jail t~ 3 1 2 1 2
Intesl tine Ii

Tee tie
InIGezel±LI.1 149 I - - - 5 2 2 _5_ -

Sp Lean

Lymphoman
Single sire L .. ultipl,.,Sit, - -------------. L-

Thoracic/Abdominal Cavities
lroma .

4esot~heloa L,,

Kidney
Adenomal

Urinary Bladder

L/ Number of rats.
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TABLE 72

CLASSIFICATION OF EPITHELIAL AND SUBCUTANEOUS
MESENCHYMAL TUMORS OF SKIN

Dose (% in feed): 0 0.0015 ,0.01 0.07
Sex: Male Female Male Female Male Male Female

Fibroma 2 2 2 13 5
Fipoma 1 1

Basal cell tumor 1/ 1
Sarcoma (undifferentiated) 1 1 2
Fibrosarcoma 1 1
Carcinosarcoma I
Squamous cell carcinoma 1

a/ Number of rate with tumors.
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TABLE 75

CHROMOSOMES DERIVED FROM RATS FED 2,4-DNT FOR 24 MONTHS

Dose Tissue Number Chromosome Frequency Tetraploids
(Z in feed) Cultured of Rats 140 41 42 43 144 per 100 cells

0 Bone marrow 4 •/ 2 46 1 0 0.25 + 0.14-/0 Kidney 4 4 4 40 1 1 0.50 + 0.35

0.01 Bone marrow 5 2 6 38 3 1 0.40 + 0.40
0.01 Kidney 6 5 8 33 3 1 1.50 + 0.22DJ

0.07 Bone marrow 1 2 9 35 4 0 0
0.07 Kidney 1 2 11 33 4 0 0.5

a/ Only surviving rat.
b/ Mean.
c/ Mean _+ standard error.
d/ Significantly different from control by "t" test.
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TABLE 77

OCCURRENCE OF DOMINANT LETHAL MUTATIONS IN
RATS FED 2,4-DNT

Dome Number of Implaet Viability.
(% of feed) Males Fertility IndexA/ Indexb/

0 4 92 +8- 92 1+
0.02 4 67 + 14 62+ _4
0.2 5 20 + 13A/

0 8 96 + 4 96 + ±
0.0015 9 89 + 6 94 ± I

0.01 7 100 + 0 97 1 I
0.07 10 93 + 7 94 ± 1

a/ Confirmed pregnancies/sperm positive females x 100.

b/ Viable fetuses/implants x 100.
S/ Mean + standard error.
A/ Significantly different from control ('It" test).

I

*I

*I
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KTABLE 78

BODY WEIGHT, FEED CONSUMPTION, 2,4-DN'l INTAKE AND REPRODUCTIVE PERFORMANCE
FOR RATS FROM THE LAST DOMINANT LETHAL STUDY

Dose (% in Feed): 0 0.07 0.10 0.15

Males_
Body weight (gm)initlal 166 +3• 164 + 2 165 + 2 164 + 2

Week 4 341 + 9 341+6 322+ 6 306+5
Week 8 449 + 10 419 + 9:- 384 + 3 5 4  7 -

Week 13 510 + 9 4 3 2 + W 400 + 711/ 366 + 10bb/
Feed consumption (gm/rat/day)-2-/ 23.8 + 0.8 22.0 + 0.6 22.2 + 1.5 19.8 + 0.6
2,4-DNT intake (mg/kg/day)S! 0 45 65 98

Mated•I 21 22 24 23
SperAi/ 21 22 18 11
Plugs, ý7t no sperm 0 0 4 7
Fertile- 20 15 2 1

Females Mated with Treated Males
Corpora lutea/dam 15.7 + 0.6 14.2 + 0MY/ 14.8 + 0.6 13.3 + 0.5 /

Total implants/dam 12.9 + 0.7 10.9 + 1.1 15.0 + 1.1 0
Viable implants/lam 12.4 4 0.7 10.5 + 1.1 14.0 + 0.9 0

IndexesFertilit• h/ 90(76-97) 53(38-69) 11(3-26) 2(0-12)
Gestationrh/ 100(90-100) 100(85-100) 100040-100) 0
Implant viabi it,- 96 + 1 93 + 4k 94 _+ 4 0

Implantation/ 73 + 5 38 +_- 9 + 4i/ 0

a/ Mean or mean + standard error.
b/ Significantly different from control (Durinett's multiple comparison procedure).
c/ Average of the 13 weekly means. 2,4-DNT intake based on mean body weight for

each week.
d/ Exposed to females.
e/ Sperm found in the vaginal smear of at least one female.
i/ Evidence of conception found in at least one female.
j/ Confirmed pregnancies/plug positive females x 100 (95% confidence limits).
h/ Pregnancies with v~able embryos/confirmed pregnancies x 100 (95% confidence limits).
i/ Viable embryos/implants x 100. Mean + S.E.
jj Implants/corpora lutea x 1.00. Mean + S.E.
k/ Significantly different from control (two-sample rank test).
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TABLE 80

DISTRIBUTION AND EXCRETION OF RADIOACTIVITY RATS 24 HR AFTER

ORAL ADMINISTRATION OF 2,4-DNT (RING-UL,-LC) FOLLOWING
3 MONTHS OF 2.4-DNT IN FEED

". of Administered Dome
High Dose

Control (0.07% 2.4-DNT)

Males Females Males Females
G.I. Tract and Contents 14.0d6.0 12.8+4.9 5.5±1.9 4.2.12.9

Feces 7.3E3.8 10.5*03.5 20.7*5.3 14.4b2.6
Urine 68.0+12.1 74.532.2 68.4*5.0 77.216.6
Blood!' 0.1*0.0 0.1*0.0 0.1+0.0 0. 1I0.0
Spleen < 0.1 < 0.1 < 0.1 < 0.1
Liver 2.0+1.6 0.3*0.0 0.2±0.0 0.3*0.0
Kidney < 0.1 0.1 0.0 < 0.1 < 0.1.
Brain < 0.1 < 0.1 < 0.1 < 0.1
Lungs < 0.1 < 0.1 < 0.1
MusclebJ 1.2*0.9 0.4*0.1 0.3*0.0 0.2+0.0
Gonads < 0.1 < 0.1 < 0.1 < 0.1
Recovery 92.7±5.4 98.6*3.7 95.4+4.2 96.4±2.9

al Based on 7u% of body weight.
b/ Based on 40% of body weight.
c/ Mean * S.E. of three rats.
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TABLE 82

DISTRIBUTION AND EXCRETLQ..OF RADIOACTIVITY IN RATS 24 HR AFTER

ORAL ADMINISTRATIO t-P ^,4-DNT (RING-UL- 1 4 C) FOLLOWING
9 MOW. ; C" '- ,4-DNT IN FEED

% of Administered Dose

High Dose
Control (0.07% 2.4-DPT)

Miles Females Malee Females

G.I. Tract and Contents 8. 42.2-/ 11.6+1.9 5.8+0.8 4.2±;0.9
Feces 3.4+2.3 7.5+_3.2 8.0+2.6 8,6+3.2
Urine 82.4;2.6 80.24.7 76.2+7.9 87.8i3.1'
Blood- 0.1.+0.0 0. 1_+0.0 <0.1 <0.1
Spleen <0.1 <0.1 <0.1 <0.1
Liver 0.270.1 0.1+0.0 0.24+0.0 0.1+0.0
Kidney 0.1+0.0 0.1+0.1 0.1+0.1 0.5+0.5
Brain <0.1 <0.1 <0.1 <0.1
Lungs <0.1 <0.1 <0.1 <0.1
•.••I 0.3o±0.0 0.5+c.4 <0.1 0.1+0.0

Gonads <0. 1 <0.1 <0.1 <0.1
Recovery 94.7+5.7 100.0+0.0 90.4+9.6 101.5+0.8

a/ Based on 7% of body weight.
b/ Based on 40% of body weight,
_/ Mean + S.E. of three rats.
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TABLE 84

DISTRIBUTION AND EXCRETION OF- RADIOACTIVITY ;) RATS 24 Ha AFTER .I

ORAL ADMINISTRATION OF 2.4-DNT (RING-UL- 14 C) pOLLOWLkG

20 MIoTS OF 2.4-DNT IN FEED '
% of Administ:ered Dose

Mid Done
Control (0.01% 2.4-DNT)

males Females 11alem jgemles

G.I. Tract and Contents 15.9*0.91/ 15.4c4.3 5.9%1.7 6.011.5
Feces 2.8.1:l. 1 4.8*3.2 14.0.j:5.4 13.7=0.5
Urine 70.105.6 42.2*10.4 72.9*9.9 71.5*8.6
Blood•i/ 04*0.0 0.4*0.3 0.5=0.3 0.5*0.2
Spleen <0.1 <0,1 (0.1 (0.1
Liver 0.2*0.0 0.2*0.0 0.4*0.2 0.3*0.0 !
Kidney 0.5:h0.4 0.2*0.1 0.2*0.1 <0.1
Brain <0.1 <0.1 <0.1 <0.1
Lungs <0.1 <0.1 <0.1 <0.1
Musclek/ 0.9*0.0 2.36*0.5 5.7*2.4 4.4*1.8
Gonads <0.1 <0.1 <0.1 <0.1 71

Recovery 90.5-*6.3 65.8*9.6 99.9*0.2 99.6*9.7

j/ Based :.. 17. of body weight. I
b/ Based on 40% of body weight.
£1 Mean ± S.E. of three rate. i

II
S.. ........... .... .. .. "• < "':.:.'L'• ZT I.'i ••

q , i ii , , , ' ' '



!go
L Ln

P4

.. P~4 tm

In

"44

00 0 00
't U) N C" 0% 0 4ý I4

i6
, ,. . .. ,, -, ,, . 1

144

Ln L

P4 O4 0.

H • U ,f,,'l,..• • "t' i

H 
0 a",14 P41 

t .1 4

""4 f-

N -4

114



C4H

0j

a I fA

LU 41pa

U-0 I rE'

LU I K
o LL.

z

9- 0 z -

10 I

03.

"-.... . -. ---........ ...



inU

0 0

H~ LU

SH3I 3Aiynw- -N~

151@



0

oe I
. .

> 411

14*

15



ct 
4

I.0

44

04)

400

40~4$4

(ADC VOW)0401l IN -PN

153



4V4

44.4 .4g

444

A Ai

V 154



"11

II

ws40

U u

IA w

Prl

t4t

24U

41 - 155



V. MOUSE STUDIES

TABLE OF CONTENTS

PageS

A. Observations and Toxic Signs ............................ 159

B. Body Weights ................... ...................... 159

C. Feed Consumption and Compound Intake.. ................... 160

D. Laboratory Data ..................... ............ ..... 160

E. Pathology . . . . . ..................... 161

1. Feeding for 12 Months . ................ 161

a. Organ Weights ........ ............ ....... 161
b. Tissue Lesions .................. . . . . . .. 161

2. Feeding for 24 Months Including Unscheduled Deaths. . ... 162

a. Organ Weights ...... ................... .... 162
b. Tissue Lesions ........ ................... ... 162

(1) Liver ......... . . .......... 16-

(2) Kidney ...... ................... .... 163
(3) Abnormal Pigmentation ........... . . 164

(4) Gonads ...... ................... .... 164

(5) Intestinal Parasites .... . . . . . . 165

(6) Lesions Not Related to 2,4-DNT ......... ... 165

F. Discussion. . . ... ................... 165

G. Conclusions ................. ......................... 166

Tables 86-115 . ........................ 167-201

Figures 16-23 ..................................... 202-207

157

J .

- . . . . . . . . . . . . . . -.•.-~~-



V. MOUSE STUDIES

A. Observations and Toxic Signs

During the first 5 weeks of the study, five mice (one female,
four males) were found dead. The death of the female is unexplained; the
males had trauma from fighting. These deaths were judged unrelated to the
test and the animals replaced by extra mice fed the appropriate dosage
mixtures. Fighting was controlled by remcving the aggressive individuals
to separate cages.

During week 28, we noted that high dose (0.5% 2,4-DNT in feed)
male No. 73-608 had orange stains, presumably from his urine, on his fur
and proximal tail. His weight had dropped from 29 g to 23 g in 2 weeks.

He died in the beginning of week 29, with a terminal weight of 19 g. From
this time, we began to have frequent deaths in the high dose animals, as
well as the sporadic unscheduled deaths in the other groups, as shown in
Figures 16 and 17. Some of these deaths occurred at night without premoni-
tionary signs; the tissues were lost to autolysis. This occurs much more
quickly in mice than in larger animals. Cannibalization by cage mates also
destroyed tissues before histopathological analysis.

During months 8 through 12, when most of the high dose mice died,
we often saw a characteristic syndrome. The mice had low body weight, often
with recent loss, and red-orange stains, apparently from urine, as seen
earlier with No. 73-608. They were hunchbacked and relatively inactive,
often resting with their feet tucked in and hair erect as if chilled. When
stimulated, the mice became hyperactive, running around the cage with a
peculiar, stiff-legged gait. Often their eyes appeared dark and sunken.

B. Body Weights

Body weights of male and female mice fed 2,4-DNT are shown in
Figures 18A and 18B, respectively. The control mice gained weight quickly,
then leveled off near 45 g (male) or 36 g (female) after 6 months. There-
after, the weights fluctuated with a slight downward drift. Many of the
oscillations in the later months were caused by individual mice losing
weight shortly before death.

Male mice fed the low dose (0.01% 2,4-DNT) had consistently lower
body weights from month 12 to the end of the study. The averages for the
low dose females varied about the control values. The first parts of these
curves are omitted for clarity.
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Male mice fed the middle dose (0.07% 2,4-DNT) weighed less than
the control mice from month 3. The corresponding females were so similar
to the control mice that the curve is omitted for clarity.

The high dose mice (0.5% 2,4-DNT) had greatly decreased weight
gain; some mice even went below their starting weights. They did reach
relatively constant avera6e of 31 g (male) or 28 g (females).

C. Feed Consumption and Compound Tntake

The averages of the monthly feed consumption measurements from
throughout the entire study, as shown in Table 86, were quite similar in all.
dose groups. However, there was a pronounced dose effect in the first few
weeks of the study with the high dose mice eating distinctly less (Table 87).
During the later months, the relatively high consumptions of the few surviving
high dose mice contributed to raise the overall averages. Average intakes
of 2,4-DNT, calculated from the various monthly measures of feed consumption

and body weight during the entire study are listed in Table 86. The monthly
individual data are shown in Figure 19. There were small differences in in-
take between sexes, and relatively small oscillations around the average

values of about 13.5, 95 and 900 mg/kg/day for the low, middle and high dose
groups, respectively.

D. Laboratory Data

Laboratory data from mice dying at unscheduled times are listed

in-Table 88. Most noteworthy were the groups of high dose mice (0.5% 2,4-
DNT) culled in week 40. The picture was anemia, with decreased erythrocytes

and hemoglobin. The body compensated by increasing production; many imma-
ture erythrocytes (reticulocytes) with their characteristically large cell
volumes (MCV) were seen. The cause of the anemia is apparent from the
occasional methemoglobinemia and the high level of Heinz bodies, sometimes
affecting nearly half of the erythrocytes. In later months, similar effects
are seen in some middle dose (0.07% 2,4-DNT) mice, although the occurrence
of Heinz bodies is more irregular.

Laboratory data from male and female mice after feeding of 2,4-
DNT for 12 months are shown in Tables 89 and 90, respectively. Results
in the high dose mice were similar to those seen in the moribund mice shown
in Table 88. There was a toxic anemia, evidenced by some methemoglobin,
many Heinz bodies and reticulocytes, as well as decreased erythrocyte
count and hemoglobin. As usual, the increased proportion of reticulocytes
raised the mean cell volume and hemoglobin, but decreased mean cell
hemoglobin concentration. The increased BUN in the males might be toxi-

cologically significant, but it was not seen in the females. The extremely
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high average SGPT value in the middle dose males was due to No. 72-404's
level of 775 IU/liter. Although this was the highest value seen, most
groups had one mouse with an elevated SGPT. This high value is presumably
not related to 2,4-DNT.

Results after feeding for 24 months are shown in Tables 91 and

92. The middle dose males had a low grade anemia, but the middle dose
females were similar to controls. This represents a minor effect in the
males, despite the lack of statistical significance. As discussed above,
anemic effects were seen in high dose rats and some moribund middle dose
rats (Table 88).

Results from the 1 month recovery studies after feeding of 2,4-
DNT for 12 or 24 months are shown in Tables 93 through 96. Partial recovery
from the toxic anemia had occurred.

E. Pathology

Of the original groups of 58 mice, histopathology is available on
33, 33, 29 and 40 males of the control, low, middle and high dose groups,
respectively, and 31, 29, 31 and 33 females.

1. Feeding For 12 Months

a. Organ Weights

Average or I~hts of mice after feeding of 2,4-DNT for
12 months are given in leart weights and some brain weights
were accidentally omitt ,nice had an unfortunate practice of
dying the night before i ;y; there were no organ weights on some. The
high dose mice had decreaL body weights and increased liver weights
relative to body weights. The males have decreased testis weights. The
variation in spleen weight may not be toxicologically important, since this
organ normally shows much variation in size. The trend in the changes of
body weight, liver weight and testis weight in the mice allowed to recover
for 1 month remained (Table 98). However, the changes were usually not sta-
tistically significant. The significance of decrease in kidney weight of
the mice allowed to recover for 1 month is not known.

b. Tissue Lesions

The lesions in mice fed 2,4-DNT for 12 months are summarized
in Tables 99 and 100. The maj r lesions associated with the feeding of
2,4-DNT were testicular atrophy in all the high dose males and one middle
dose male, pigmentation at many sites of both sexes (particularly spleen
and liver, but including adrenal gland, brain, bone marrow, eye and lymph
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node). Pinworms were absent in high dose mice, although they were found
in seven of the other 24 mice. In addition, one high dose male and one
high dose female had benign liver cell tumors and one high dose male had
a renal carcinoma. There was increased incidence and greater severity of
hepatocellular dysplasia and nephropathy in the high dose mice. These lesions
were typical of those found in mice fed 2,4-DNT for 24 months and in mice that
died at unscheduled times. The lesions will be more fully described below.
A variety of non-treatment related lesions were found. Some lesions, such
as hepatic inflammation and renal perivascular cuffing, were found in most
mice. Other lesions, particularly various degenerative lesions, were found
scattered throughout the various groups.

The lesions of mice fed 2,4-DNT for 12 months and allowed to
recover for 1 month are summarized in Tables 101 and 102. The treatment
related lesions in the testis, liver, kidney, intestine and other tissues
seen in mice not allowed to recover (Tables 98 and 99), were also seen in
these mice allowed to recover for 1 month (Tables 101 and 102). The severity
of these lesions, except the pigmentation in various tissues, was often less.

2. Feeding For 24 Months Including Unscheduled Deaths

a. Organ WI.Ahts

The organ weights from mice after feeding for 24 months are
given in Table 103. With all the high dose mice dead, there were no signifi-
cant differences among the various organ weights. The organ weights from
mice allowed to recover for 1 month after feeding for 24 months are listed
in Table 104. There were statistically significant differences in spleen
weights, The high average and large variation in kidney weights of the
middle males were due to No. 72-423, whose right kidney weighed 3.03 g, due
to a cystic carcinoma (Table 106). The large variation in ovary weight was
due to the sporadic incidence of cysts in these geriatric mice; a typical

-example was No. 72-520, whose right ovary weighed 0.87 g and left ovary a
normal 0.05 g.

b. Tissue Lesions

Lesions from mice fed 2,.-DNT for 24 months are sunmmarized
in Tables 105 through 107. The lesions were similar to those from the high
dose mice died at unscheduled times. The most striking effect was the
kidney tumors in the middle dose males (0.07%); many of the kidneys were
grossly cystic. No mice from the high dose group survived at 24 months.
Lesions from mice allowed to recover for 1 month are summarized in Table
108 and were generally similar to those from mice not allowed to recover.
Lesions from mice dying at unscheduled times, including most of the high
dose mice, are summarized in Tables 109 through 113. Incidence of
treatment related lesions is summarized in Table 114.
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(1) Liver

The liver was much more affected in males than in
females (Table 114). Even the low dose (0.01% 2,4-DNT) males showed a
significant increase in what we have termed "liver dysplasia," a lesion
which took several forms. The usual form was various hyperplastic and
degenerative changes including great variability of nuclear configuration,
focal hepatocyte necrosis, swelling, slight fatty change, hepatocyte re-
generation and hyperplasia with some tendency to nodular regeneration. A
few mice had a monal pattern of necrosis, affecting the centrolobular
area only. These effects were more intense in the high dose mice, which
had greatly enlarged hepatocites with varying intensity of staining. Some
had coagulation necrosis or coarse-droplet fatty change, rare lesions in
the liver. There were some signs of recovery (hypertrophy of uniformly
staining hepatocytes with rich ergastoplasm, suggesting increased protein
synthesis) in three of the male mice fed the low dose for 24 months and
allowed to recover for 1 month.

This liver dysplasia did aot correlate well with the
incidence of liver cell tumors. However, these tumors were seen earlier in
the high dose mice. The tumors were probably hepatomas, but, in view of
results on rats, some might be classified as hepatocellular carcinomas.

(2) Kidney

Very unusual lesions were found in the kidneys of many
males, which were grossly cystic. Some kidneys were difficult to identify,
except by their anatomical location and connections (Figure 21). The middle

dose mice had high incidence of renal tumors (Table 114) including cystic
papillary adenomas (Figure 22), solid renal cell carcinomas (Figure 23), and
cystic papillary carcinomas. High dose mice had a few, presumably because
they died before the lesions developed. Low dose males also had a few
tumors.

More widespread than the frank tumors was a "toxic
nephropathy" in both high dose males and high dose females (Table 114). This
consisted of the presence of many cysts lined with cobblestone-like tubular
epithelium, appearing much like the multilocular cysts seen in man. They
were readily distinguished from urinary retention cysts, which were smaller
and lined with flattened epithelium. Many high dose nale mice also had
atypical epithelium lining the cysts and occasionally elsewhere in the
kidney (Table 114). These atypical epithelial cells were quite irregular
in rize, shape and staining characteristics. Some cells were polyploid
or heteropoloid. Histology alone could not consider these cells malignk•.t,
but this could be a premalignant metaplasia.
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(3) Abnormal Pigmentation

One striking effect in the liver and other organs of mice

fed 2,4-DNT was the presence of an unusual pigment especially in the high dose
mice (Table 114). The pigment occurred in golden brown to blackish brown
coarse granules (Figure 20). The amount of pigment was proportional to
dose and period of dosing. Its chemical identity is unknown; the primary
possible surces are 2,4-DNT metabolites and heme-derived pigments. It was
earlier described as hemosiderln,4-/ but gave little if any reaction to
Prussian blue, indicating the absence of iron. although normal splenic.

hemosiderin reacted intensely. There was a slight reaction to the Schiffprocedure,l_9-/ indicating the presence of aldehyde groups, found in 2,4-DNT
metabolites and in protein metabolites. There was no reaction to stains for

bile and mucopolysaccharides. Heaviest deposits were found in the reticulo-
endothelial system, the liver, spleen, kidney, zone intermedia of the adrenal,
and the mehullary cords and reticulo-endothelial cells of the lymph nodes.
The pituitary, thyroid and pancreas were generally pigment-free. Pulmonary
macrophages had much pigment, but not cardiac macrophages. Some pigment
apparently crossed the blood-brain barrier, for it was found in the cytoplasm
of some neurons and glial cells. The greatest neural accumulation was in the
neurons of a pern-adrenal sympathetic ganglion. These neuronal deposits re-
semble the lipofuscin ("brown atrophy pigment") seen in elderly humans; per-
haps this is an effect of debilitation. Pigment within the kidneys was seen
in the tubular epithelium, in tubular casts and within macrophages, but rarely
in glomeruli. The same substance was probably responsible for both the kidney
pigment and the urine stains on the fur. Possible excretion was also seen in
the serous epithelium of the submandibular salivary gland, but not the mucinous
epithelium. Despite this widespread accumulation of pigment, there was no
evidence that it had any pathological consequence. No degeneration, necrosis
or inflammation was seen in the areas of pigment accumulation. Despite massive
accumulation of the pigment in macrophages of the spleen, lymph node and bone
marrow, there were no apparent effects even on the sensitive cells of the
lympho- and heinatopoietic series.

(4) Gonads

There were similar 2,4-DNT related effects in the gonads
of both sexes. In males, there was atrophy and aspermatogenesis of the testes.
This resembles the usual senile effect, but it was seen in most high dose
males (Table 114) and it was more severe in the males fed 2,4-DNT for 12
months (Tables 99 and 101). In more than half the high dose females, there
was an analogous lesion; non-functioning follicles with lacking of corpora
lutes (Table 114), implying a cessation of coogenesis.
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(5) Intestinal Parasites

One possible effect of 2,4-DNT could be considered bene-
ficial; a decrease in pinworms (only Aspicularis tetraptera was identified)
from about 40% in control, low and middle dose mice to less than 10% in high
dose mice. Although occasional pigment was seen in the intestinal lumen and
mucosa, the pinworms never ingested it.

(6) Lesions Not Related to 2,4-DNT

A large variety of other lesions were seen in these geri-
atric mice. The occasional incidence of tumors is summarized in Table 115.
Middle and high dose males had a lower incidence of bronchoalveolar adenoma,
but this seems to be within normal variation. The other tumors showed a very
sporadic incidence.

Other lesions (Tables 99-102 and 105-113) included a high
incidence of "aging changes" in various organs. This term is used to cover
the minor and non-specific degenerative lesions found in geriatric animals.
These lesions were sporadic and occasionally seen. Mice tend to have a high
incidence of amyloid deposits. In the milder cases, these are found in the
intestine, especially the ileum. A "generalized amyloidosis" with involve-
ment of most visceral organs was found in mice fed 2,4-DNT.

F. Discussion

The major target organs of 2,4-DNT toxicity in the mouse are the
hemoglobin of the blood, the kidney, the liver and the gonads. Males were

¶ more affected than females. The blood effects were those of toxic methemo-
globinemla leading to Heinz bodies, reticulocytosis and a more or less
compensated anemia, the same picture seen with larger species. The kidney
effects (cysts, metaplasia and tumors) appeared to be species specific,
while the liver effects were a milder analog of those in rats. The non-
functioning gonads in most males and many females in the high dose group
were quite serious. The combination of these apparent effects and the
general toxicity, including lower feed consumption and weight gain, produced
a considerably shortened life-span in the high dose mice and a suggestion
of such effects in the middle dose mice. The pigment deposits, whatever
their composition, did not ueem to be "pathologic" in the strict sense.
The decrease in intestinal pinworms is presumably beneficial.

Because of the preseace of a few kidney tumors in the low dose
males, but not the control males, we cannot consider the low dose a "no
effect dose." However, it is probably very close to the actual no-effect
dose. If the feed concentrations in this study were the same as in the rat,
rather than one step higher, we would probably have found that the 0.0015%
2,4-DNT in mice was a no-effect dose.
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G. Conclusions

The low dose, with 2,4-DNT intake of about 13.5 mg/kg/day in bothmale and female mice, was slightly toxic, with effects in the kidneysto cause cystic dyplasia and tumors. The middle and high doses with 2,4-DNTintake of about 95 or 900 mg/kg/day, also produced decreased feed consumption,
decreased weight gain, shortened life span, behavioral effects (depressionwith hyperexcitability), toxic methemoglobinemia, liver dysplasia, non-functioning gonads, pigment deposits of undefined origin, and a decrease in {
intestinal pinworms. Males were more seriously affected than females.
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TABLE 86

FEED CONSUMPTION AND COMPOUND INTAKE OF MICE
FED 2.4-DNT FOR 24 MONTHS

Males Females

Feed 2,4-DNT Feed 2,4-DNT
Dose Consumption Intake Consumption Intake

,(X in feed) (g/mouse/day (mg/kaiday) (g/mouse/day) (ma/ks/daX)

0 5.10 + O.13AI -- 4.62 + 0.21

0.01 5.26 + 0.12 13.3 + 0.3 4.59 + 0.11 13.7 + 0.4

0.07 5.22 + 0.11 96.9 + 2.1 4.43 + 0.09 93.8 + 2.6

0.5 5.22 + o.19bI 885 + 26-b/ 4.66+ 0.26.S/ 911 + 25.S/

a/ Mean + standard error of 24 measurements; the lot month is the average of four
measurements.

b/ Due to unscheduled deaths, only 15 measurements.

c d/ Due to unscheduled deaths, only 20 measurements.
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TABLE 87

FEED CONSUMPTION IN THE 1ST MONTH OF FEEDING 2, 4-DNT

Dose Feed Consumption (g/mouse/day)
(% in feed) Males Females

0 4.83 + 0.28a/ 4.75 + 0.26

0.01 4.85 + 0.28 4.55 + 0.22

0.07 4.78 + 0.22 4.33 + 0.25

0.5 3.68 + 0.42 3.65 + 0.27k'-/

a/ Mean + standard error of four weekly measurements.

b/ Signicantly different from control by Dunnett's mul-
tiple comparison procedure.
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TABLE Bg

LABORATORY DATA OF MALE NICE FED 244-ORT FOR 12 MONTHS

(CoN) CONTROL (TeN) TREATED N a NUMBER OF MICE

0051' % IN FEED 0.0 (C4 4) 0.01 (T, 4) 0.07 (T. 41 0.5 (C. 4)
6 3

CRYTHROCYTES iXI6 /HM b6.3 ?a .8 6.63 L .40 7.06 1 .20 (3) S.28 1 .25 (31

"HEINZ BODIES. s 0.00 & 0.00 0.00 t 0.00 0.00 t, 0.00 7.79 4 20791,

RETICULOCYTES, S 1.46 1 .22 431 1.06 1 .08 .8,? 1 .14 (3) 4.10 .1 (011/

NEMATOCRIT. VOL. 9 40.3 t 2.1 41.0 t 1.,6 4.0 1 1.2 (3) 36.0 £ 2.0 (3)

VEMOOLODINs ON, S 13. L .6 13.0 i .6 13.6 t .7 (31 11.9,5 .5 (3)

METHNEMOGLOBIN % 0.0 _4 0.0 0.0 1 0.0 0.0 • 0.0 4.2 1.71'

NCVý CUBIC MICRONs 64,7 . 2• 4 62,2 1 1.9 63.8 1 , 1 (31 66.1 * .7 (3)

NCH89 MICRO IqICROOMS. 21.7 &. .9 19.8 :L .5 19.2 4, .7 (3) 21.8 1.4 (3)

MONCHc OM 1 33.6 4, .6 31.6 0 .3 30.1 1 .8 (3) 32.0 ± 2.1 (3)
5 3

PLATELETS (XIO /MM ) S.0 L . 7.1 • .6 6.8 . s (3) 11.6 t 2.6 (3)1/
3 3

LEUKOCYTES (XlO omM ) 3.6 !, .5 3. 4 * .1 5.0 & .8 (3) 3.6 1 .9 (3)

NEUTROPHILS. 1 31.8 L 9.0 (8.S 1 2.3 29.7 t 3.8 (3) 30.8 ± 9.0

LYMPNOCYTESv S 66.3 _f 9.3 81.5 ± 2.3 69.7 L 3.0 (3) 68.3 1 8.9IOS2 s 0.0 L 0.0 0.0 f. 0.0 0.0 & 0.0 0.0 1 0.0

EOSINOPNILS, S 0.0 4- 0.0 0.0 1 0.0 0.0 • 0.0 0,0 1 0.0

BASOPHILS. 1 040 L, 0.0 0.0 0 00.0 0.0 1 0.0

MONOCYTES9 S 2.0 L .4 s3 .*31/ .5 t .3 1.0 ± .4

ATYPICAL. S 0,0 L 0.0 0.0 1 0.0 0.0 ± 0.0 0.0 t 0.0

NUCLEATED RBC. 1 0.0 ± 0.0 0.0 L 0.0 .1.0 1 0.0 0.0 t 0.0

SORT* IU.L 128 t 53 (3) 86 & 16 (3) 315 ± ?30 (3) 1A4 1 14 (3)

SUN. NO s 23.0 L 1.2 19.3 f 2.3 (3) 37.0 1 8.9 (31 S4.3 ± 14.9 (3) /

./ SIGNIFICANTLY DIFFERENT FROI4 CONTROL MICE AV DUNWITT'S MUI.TIPLE COIPARISONJ PROCEDURE.

ENTRIES ARZ MEAN~ STANDARD ERLOR,
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TABLE 90

LABORATORY DATA Of FDjALE MICE nD 2.4-0T ?OR 12 HOHM

(C.N) CONTROL (TgNI TREAYEV N 0 NUNHBR OF MICE

DOSES IN FED 0.0 IC9 4) 0.0 (7. 4) 0.07 (To 4) 0.5 (T 4)6 V 2E

LRYTHROCYTES (XOO /NM 6.6. t .1 7.32 t .38 (3) 7. . .12 S.10 z .1. 43)

HEINZ BODLES* % 0.00 L 0.00 0.00 : 0.00 0.0 0.00 5.88 _ 304.

R MTOMULOCYTESt S 2.1 L .16 1.09 & .63 131 1.17 z 1.2 3.46 & .70 3 /

WEMATOCRITa VOL. % 41.3 1.3 43.7 t 2#6 43) 42.3 t, 1.7 4,.7 't .9 (3)

HENOGLOBINq ON* S 12.5 .3 13.1 1 .T 43) 13.3 1 .2 11.8 t .3 42)

ETHEYOGLOSIN, 0.0 ± 0.0 0.0 S 0.0 0.0 0 0.0 3.2 1 2.1
MCV# CUBIC MICRONS 62.4 L .4 39.6 1 .4 (3) Se,6 1 269 8T.9 1 2.3 (2)•/i!

SOat. MICRO ICROGS. 1.9 L 1 1429 ± t 6 (3)i/ l,4 1 .1 2270 :1 .3 (2)
NCHC ON am 30.3 t. 43 30.0 t .- b (3) 31.6 L 1.5 25.9 .4 (2)/

5 3 
1 . * 3PLATELETS IXO NN 1S23 t. 3. 5.4 ± S3. 7.3 2. 30.5 ± 4. ()

3 31lfUKOCYTES (XIO /PON !2.7 .3 3.6 1 .8 (3) 4.0 & .7 3S! , E

NEUTROPHILS, S 23.5 2 .A 34.7 t. Sob (3) 26,0 L 1.6 ?3.0 3.Z 131

LYMPHOCYTES4 S 73.S L 3.4 64.0 1 5.0 (3) 72.0 t 2.5 76.7 1 3.2 (3)

BANDS* .3 L .3 O_^ 0.0 ,3 1 .3 0.0 1 0.0j

EOSINOPHILS9 1 0.0 L 0.0 5.0 0.0* .3 .3 0.0 :L 000

BASOPHILSo 1 0.0 1. 0.0 0.0 1. 0*0 0.0 0.0 0.0 L 0.0

140NOCYTESY 1 2.6 t. .6 1.0 .6 1.5 1 1.2 .3 t .3

ATYPICAL# S 0.0 't 0.0 0.0 0,0 0.0 :L 0.0 0.0 l, 0.0

NUCLEATED RIC@ 0.0 t. 0.0 0.0 't 0.0 0.0 1 0O() 0.0 L 0.0

SaPT, IU/L T1 1 ? 42 i 36 (3) 70 1 13 40 1 6 (2)

BUNO NO S 24.5 :L 3.2 25.7 3*? (3) 27.3 1 2. A 30.5 1 4.S (2)

SIGN•IFICAN•TLY DIFFERENT rRom CONTROL MICE BY DURNETT'S MVLTIPLE Cag•ARISON PROCEDURE,

ENITRIES AXE MEAN STANDARD ERROR.
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TABLE 91

LABORATORY DATA OF MALE MICE AFTER FEEDING 2,4-DNT FOR 24 MONTHS

IC.N) CONTPOL (T.N) TREATED N = NU?48EP OF 4TCF

DOSE: %. IN FEED 0.0 (C, 4) 0.01 To 41 0.07 (To . 4)

ERYTHROCYTES (X10 /MM .b,86 t .73 7.09 t .20 6.11 . .63

HEINZ 8ODIES, 0.00 .0.00 0.00 1. 0.00 0.00 t 0.00

RETICULOCYTES*, A 1.28 .3A 1.2% 1' .32 2.03 *, .70 t

HEMATOCRIT9 VOL* % 37.8 1 3.3 39.3 _4 I*? 35.5 t 3on"•

HEMOGLOBIN* Gm. 12.2 1. 1.2 12.8 t #4 11.7 i q,

MLTHEMOGLOBIN, 0.0 1.,.6 1.4 t 1.4 0.0 L 0.0

MCV4 CU.IC MICRONS 55.4 . 1.4 955.4 i 1.0 S8.5 t 1.7

NCH89 MICHO NICROONR. 17.9 Z .3 18.1 1. .4 19.3 1.. .7

MCH8C9 GA4 32.2 1 .. 32.6 t .1 33.0 j . * .4S3 .A//

PLATELETS (X1O /MM I 2.4 L 0.. 5,. .5- 4'm *-

3 3
LEUKOCYTES IXl) /MM I 2.9 t .9 2.6 i .• 3.7 t A

NEUTROPHILS4 % 31.8 _ 4.5 27.S L 2.A 32.3 ±t 2.3

LYMPHOCYTES, '% 68.0 Z 4.S 7Z.3 . 3.0 67.8 1. 2.3

HANOS, 9 0.0 : 0.0 0.0 ;L 0.0 0.0 z 0.0

EOSINOPHILS. '6 0.0 . 0.0 .3 i .3 0.0 i. 0.0

BASOPHILSo % 0.0 !_ no. 0.0 ;L 0.0 0,0 t 0.0

MOMOCYTES. A .3 i. m3 0.0 t 0.0 0.0 1. 0.0

ATYPICAL. • 0.0 t 0.0 0.0 1 0.0 0.0 _ 0.0

NUCLEATED R.lC. 4 0,0 1. 0.0 0.0 t 0.0 0.0 t 0.0

SOOT. IUWL 180 _ 66 121 t Is 143 ± 6 (3)

SGPT, JU/L b.O0 2.1 38.0 *. 5.6 (31 71.0 _ 14.3 t3)

HUN. MG , '.0.8 1 3.8 37.0 ±. 6.5 (3) 94.3 ±_ 16.3 (3)

a/ SIGNI•ICANTLY DIFFERENT FROM CONTROL MICE BY DU!,NETT'S MULTIPLE COMPARISON PROCEDURE,

ENTRIES ARE MEAN + STANDARD ERROR.
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TABLE 92

L1BORTTQKV DATA OF FW2LALE MICE AFTER ISUING, 2.4-DKT FOR P j4 MOM

(CoN) CONTROL ITN) TREATFO N U NUMBER OF MYTC

DOSE I IN TEND 0.0 tC. ) 0.01 iT% 4) 0.07 iTo 4)
ERYTHWOCYTES (XI0 /M ) 7 ,hT *?a• 7.43 S 030 T.inl .19

HEINZ BODIES. 1 0.00 0,00 0.00 t 0,00 0.00 0.00

S.ErCUL CYTES1 .13 1.42 1 .27 1.00 .11

HEMUGLOHINt Gm. 13.9 S e4 13.4 . 5 14.5 4;o

METHEM00LOHIN, 4 0.0 0.0 0.0 0.0 0.0 4 0.0

•NMCV. CUJRIC MICRONS 56.1 . 1.3 16. n 1.4 56.0 n 1.2

MCHHS MICRO MICR0GMj. .1- . 1,.3 .3

MCHHCe GN I 32.3 ..3 32.4 .4 , 32.7 R .25 3

PLATELETS IX1O /NM ) 6.2 ± 1.0 IS.9 .3 6.0 0 ,3
3 3

LEUKOCYTES (XIO /MM I 3.7 s oR 2.5 S .s 3.0 A

NEUTROPHILS4 4 37.0 .4 29.5 S .? 35.0 • 4.4

LYMPHOCYTFS* % ?.8 * 5.7 70.3, 5.4 64,H 4.5

HANDS9 • 0.0 • 0.0 0.0 . 0.0 0.0 0.0

EOSINOPHIL$4 % 0.0 ± 0.0 .3 • .3 0.0 ± 0.0

RASOPHILS* 4 0.0 1 0.0 0.0 . 0.0 0.0 o. 0,

MONOCYTES9 % .3 t 03 0.0 • 0.0 .3 a l.

ATYPICAL. 46 0.0 -* 0. 0.0 0 0.0 0.0 • 0.0

NUCLEATEU RHCs % 6.0 1 0.0 .3 ± .1 0.0 £ 0.0

soor. IU/L 261 t lno 102 L 7 170 ± o

SGO'r. IU/L 109 3 37 '0 . II 127 3A

dUN. MG A 2•.3 ± ?.1 25.0 1.4 ?4.0 1.0'

£/ SIGNIFICANTLY DIFFERENT FROM CONTROL HICk BY DUNNEIT S MULTIPLE COMPARISON PROCEDURE.

EN)TRIES ARE NIL4N #TADARfl ERROR.
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TABLE 93

LAIOMTORY )ATA OF HALE MICE FED 2.4-DNT FOR 12 MN'THS

AND ALLOIKDTORCOVER OR ITON, .

(CoN) CONTROL (TeN) TREATED N a NUMBER OF MICE

DOSEI % IN FMU 0.0 (Ce 41 0.O (T * 4) 0.07 (To 41 0.3 IT, 4) _

ERYTHROCYTES IXIO 1"m I 4.76 L .49 4.80 L .81 5.37 e .02 5.49 t .56 13)

HEINZ BODIES# I 0600..L 0.o 0.00 t 0.00 0.00 ' 0.00 .34 1 .06!/

RETICULOCYTES IS .71 ,12 1.31 L .17 (3) .90 1 .02 1OS 1 e36 (3)

HEMATOCRITe VOL. 1 44.0 3 1.2 40.0 & 3.5 45.0 1 .9 36.0 (1)

HEMOGLODINt OhM s 13.73. .3 1?.1 & .7 13.6 1 .3 12.5± .5 (31

METHENOOLONIN, S 0.0 2. 0.0 0.0 3 0.0 0.0 ± 0.0 0.0 ± 0.0

"NCV. CUBIC MICRONS 94.5 7 7,1 87.7 , 6.5 4.3 • 3.9 8109 (1)

MCH8I MICRO MICROGNS9 29.4 3 2.4 28.1 3.0 3s.* i ts 28.7 1 2.0 (33

"MCHBC. OM 1 31.1 . .5 31,7 3 1.2 30.6 S .5 32.6 (1i5 3

PLATELETS (RIO INM 3 3.6 L .7 3.1 6.2 2.8 . .1 2.4 2. .1 (3)
3 3LCUKOCYYES (XIO /MM 4.5 L OR 5.2 1 .4 4.6 1 .9 3.5 1 .7 (3ý

NEUTROP)I|LSv S 1366 L 109 13.8 L f.0 16.0 t 3e? 27.5 t. 3.9

LYMPHOCYTES S 65.0 z o.0 830.6 7.1 63.0 1 3.6 72.0. 4.62

SANDS. S 0.0 L 0.0 .3 L .3 0.0 3 0.0 0.0 1 0.0

EOSINOPHILS. S 0.0 0.0 0.0 1 0.0 0.0 0 0.0 .3 3 .3
IASOPHILS. S 00 .0 0.0 & 0.0 0.0 ± 0.0 0.0 3 0.0

MONOCYTESs S 1.3 i .s 2.3 & 66 1.0 ± .7 .33. .3

ATYPICAL, 1 0.0 L 0.0 0.0 't 0.0 0.0 't 0.0 040 t 0.0

NUCLEATED ABC* , 0.0 e 0.0 0.0 3 0.0 0.0 1 0.0 0.0 1 0.0

SOPT. lU/L 19 L 2 (3) 51 £ 21 (3) 21 1 4 119 1, 11 (2)

SUN. MeO 22.0 t. 2.1 26.6 t 5,t 29.3 i 1.9 37.0 L 1.0 121

S/ I1GNIFICANTLY DIFFZENT FROM CONTROL MICE BY DUNNITT'S MULTIPLE COMPARISON PROCE.DUPr.

ENTRIES ARE MEN + STANDARD ERROR.
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I..F

I:LAORA'tOY DAT OF 34L FNALE fl~rd 2 .4-DNT 1 12 I0O)IRI ME D AIWDI,0 ) h IOVU l206 1 O'

4C*N) CONTROL (ToN) TREATED N * NUMBER OF NICC

OOSEs . IN FEED 0.0 (Co 4) 0.01 (To 4) 0.07 (T, 4) 0.5 (19 41
6 3

IRYTHROCYTES l1O /NM ) 5.75 # .24 5.13 ..?6 6.24 1 .43 6.61 L be7

HEINZ BODIES# S 0.00 . 0.00 0.00 L 0.00 0.00 t 0.00 0.00 1 0.00

RETICULOCYTES. 1 .79 t oi1 1.01 :L .13 (3) .77 1 .11 1.23 & .2,

HNEM•OCRITC VOL. S 45.5 . .5 46.0 t 1.0 (3) 44.3 1 .6 4z.0 • 1.5

HEMOOLOOIN9 SM. 1 14.1 . .1 13.7 . .3 13.4 L .6 12.6 L .6

"NTMETMOOLOIIN. S 0.0 p 0.0 0.0 p 0.0 0.0 • 0.0 0.0 L 0.0

MCVq CUBIC MICRONS 79.6 p 3.5 85.5 ± 2.7 13) 71.7 p 3.6 63.6 1. 1 15

MCHMO MICRO MICROGNS. 24.7 p1.0 24.9 1 1.2 21.4 . .9 19.41 £ ,

MCNBC1 aM S 31.1 .2 * 30*1 1 61 (31 30.3 . 1.0 30.6 L .46
5 3 ,•

PLATELETS (410 INM ) 4.0 . .7 2.6 .2 2.3 .1/ 3.1 . 3
3 3

LEUKOCYTES 1X10 /~MM 5 .2 .3 4.4 op. . 4.0 ± .6 6.7 p.2.0

NEUTROOHIZLS 1.0 .8 1.4 31.5 . 6.7 315S p 1*6 32.8 . 1.1

LYMPNOCYTES9 1 77.5 .1.2 06.0 . 7.9 6.1t . 4.4 61.3 So o.0

BANDSP S 0.0 p 0.0 0.0 p 0.0 0.0 p 0.0 0.0 p 0.0

EOSINOPHILSs 2.1 p .5 2.0 . 1.1 2.0 p 1.2 .5 . .3

BASOPHILS, S 0.0 1 0.0 0.0 ± 0.0 0.0 p 0.0 0.0 p 0.0

MONOCYTESo S 1.3 p .3 .5 .• 1 0.0 p 0.0 1.6 p .9

&TYPICAL# 4 0.0 L 0.0 0.0 E 0.0 0.0 1 0.0 0.0 1. 0.0

NUCLEATED RBC. % 0.0 0.0 0.0 -$ 0.0 0.0 0.0 0.0 1 0.0

GOPTs IU/L 36.0 $ 9.6 10.5 % 9.5 (2) 30.5 ± 6.5 12) 34.7 6 4.4 13)

BUN. MO 1 22.0 p 1.5 23.5 p 3.5 (2) 24.7 ± 3.0 43) 49.7 8.5 13)-!/

A/ SIGNIFILA•TLY DIPfUENT FROM CONTROL NICE BY DUOLTrTS 1ULTIPLE COMPARISON PROCEDURE.

ENTRIES ARE~ 14MEAN STANDARD ERRO)R.
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TABLE 95
LABORATORY UApA 0? KALE NICE AFTR FEEDING 2L4-DNT FCR 24 .Onji$ AND ALLOYIO TO RECOVER FOR 1 MON!

(CN) CONTROL (ToN) TREATEO N a NUMBER OF MICE

DOSE: % Z FIN D 0.0 (C. 3) 0.01 (To 5) 36 3 0.07 To 3)ERYrHWOCYTES (xlO /MM ) b.97 ± .: 1 7.73 1 .75 6.75 t .3?
4EINZ 8OOIES. a 0.00 z 0.00 0.00 ± 0.00 .31 & *17/ f
RETICULOCYTES. % Z.R4 1 .34 1.53 .46 3.32 , 1.43 (2)
)4EMATI3CRITo VOL, % 40.0 2,85 46.0 ~.4.> 40.0 ~.
HEMUGLORIN. GM. % 13.5 ' .6 1%.2 1.5 1 13.8 4 3METHEMOGLORIN9 0.0 2. 0.0 0.0 1. 0.0 .6 • .

MCV, CURIC MICRONS 57,4 £ .4 57.0 ± 1.4 59,5 
T 

20.

MCHHO MICRO MICROGMS. 0Q.4 0 .5 19.6 -t . 20.5 ± ,q
mcmac, OM % 5 3 33.4 - . , 34.4 94 34.. ± a5

PLATELETS (XIO 3 / 4.8 1.1 5.5 • 6. 3 + 1.3
LEUKOCTES (*10 /MM 1 2.6 .� .� 4.3 . .R 1.7 • 1.1

NEUTHOPHILS, % 37.3 & 6.2 40.R 4 0 .0 33.3 . 4.4
LYMf•YPf)CyS % bl.7 • 6.2 57.6 . •.6 66.3 ±. 4.7
HANDS, 9 0.0 t 0.0 0.0 ± 0.0 0.0 t 0.0
EOSINOPHILS. % 1.0 A .6 l.A L )s• .3 ± .3
RASOPHILSO S 0.0 . 0.0 0.0 t 0.0 0.0 z 0.0
MONOCYTES, % 0.0 • 0.0 0.0 1 0.0 0.0 . 0.0
AlYPICAL, ' 0.0 . 0.0 0.0 ± 0.0 0.0 ± 0.0

NUCLEATED RSC. q 0.0 Do 00 0.0 t 0.0 0.0 ± 0.0
SGOt. IU/L 276 ± 71 153 : 35 (4) 257 ± 83
SUPT. IU/L JR.5 _# 10.5 (2) 44.8 ± 11.3 (4) 63.5 ± 26.5 (28

2UN- MG I Z2.0 1 4.0 (2) 29.6 t S.l 47.5 1 17.5 (2)

jI SIGNIFICANTLY DIFPERENT FROM CONTROL MICE BY DUNNETT'S MULTIPLE COMPARISON PROCEDURE.

ENTRIES ARE MEAN + STANDARD ERROR.
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TABL 96

L&SORATORY D?4 OF FII• 4NCRE AnFR FIDING 2.4-DNT FOR 24 MONTHB AMD ALLOING TO RECOVn FOR I 0NTH4

(CeN) CONTROL (TeN) TPfATED N a NUMBER OF MICE

OOSEI % IN FED 0.0 (to 3) 0.01 (T, 2) 0.07 (T, 4)

ERYTHwnCYTES (Xlo /MM 6.408 .%53 S.06 ;L 1.36 %.'2 1 .72

HEINZ H001)~iE 0 '.00 a 0.00 0.00 L0.00 *jq Oil1

2 ::5TICULOT. 9 2.23 .%8 3.24 ± 1.43 1.t s .10 (2)

HEAOC~oVOlL* 37.3 P. .9 30.S 1 P.S .2.5 a 4.6

HEMUGLORIN, GM. , 12.2 , 1.0 10.9 a 2.0 11.5 a 1.3

METHEMOGLORINt • 0.0 a 0.0 0.0 ' ).0 1.1 .7

MCVv CJRIC MICRONS 57.6 • .4 hO.7 1.5 60.1 4.7

MCHa% MICRO MICRO0mS, 18.9 a .2 22.2 1. 21.4 • 1.3

MCNCo GM t 32.6 IS5 36.5 & 2.? 15.7 1..j
5. 3

PLATELETS (Xfl1 /MM 4# 6 * . 0 . .3 3

LEUKOCYTES (X1O /MM ) 3.1 _ 1.3 4.A ± 3.2 1.2 .2

NEUTROPHILS* ' 23.0 t 10.4 24.0 t. 0•0 28.3 t 10.4

LYMPHOCYTES. s hg.7 ; A.? 76.0 1 0.0 71.8 l 10.4

BANOS* A 0.0 _+ 0.0 0.0 * 0.0 0.0 a 0.0

- •EOSINOPHILS. o 0.0 • 0.0 0.0 . 0.0 0.0 a 0.0

-iASOPHILS. % 0.0 0.0 0.0 .00 0.0 a 0.0

Ii MONOCYTES# % 0.0 • 0.0 0.0 ± 0.0 0.0 a 0.0

ATYPICAL, t 7.3 a 7.3 0.0 :L 0.0 0.0 _6 0.0

NUCLEATED kgC. % 0.0 ± 0.0 0.0 j 0. 0.0 0 0.0

SGOT. IU/L 107 1 10 142 _ 31 246 a 51

SOPTi IU/L 38,. 5.1 64.5 _o q.5 44.5 4.5 (2)

BUN$ MG3 43.0 a 11.2 A2.5 # 37.i 133.5 8 33.5 (Z)

s/ SIGNIFICANTLY DIFFERENT FROM CONTROL MICE BY DUNNETT'S MULTIPLE COMPARISON PROCEDURt.

13
ENTRIES ARE MEAN + STANDARD EROR.
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TAILI 102

S•IMAY OP L1SZOU OF rVAIJ HIC PM 2.4-IN? POa 12 MTJJ
AN A OP.1 NCOVKR ?0M I MM#

Do ., In •o0 Ued): O'.s__ t____ 1__ ._ .0 1 .. .it . . . -

*480No. ~ 0 I I QRO1i MOl Mi a IV M~ 501 M U0 ~lI I ±?u A

Liver
War Imlk i-- -- -- ----- -- ----- ------- ------- - ------ ---- --- ------------------------------ - . . .

Intestine

Ovary
- t€ o° hz ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .! - . . .1

Adrenul Gland

Anyltvidtel I i I
0.smmpleete 1 1 1 1 1 1 1

qGXojdjditnjrijt jo0 - - -- - -- I
Thyrold

Anyloidesis 1

LunA

Petibtanchioler ufCLnp 1 1 cutt1 i n g 1 1
_ r--t-•h-ni-l-as t--- -.--------.--.---------...... ...... - - - - - - ..- -- -- - - - - -- -
eaert

J~yecs~tf~dj~llwrlj- --- - - - - - - - - - - - - - - - - - - - -

Liver2i - - - - -
, .. ~~Aeizoidotl,.......................................................... . . . . . .. .1. . . . . ..

* * |nsetiiins
SAftviu~oi ela 2 4 3 3 1 4

* )IoUd hvperpilela I

S ivlvery (fend -I j.... .

rIneed i

• . _ol~lm...........................................................1..

Kidney

SP erivu e uol ar e oflnle 1 1 I 1 1 1 I 1 2 1 1 2 i

Uriolry Ihleder

Hooul er e.•l foci .. . . . . . . . . . . . . . . . .1 . . . . . . . _ . . . . ...

cuar c Uteiu

. nytLceor ivenr ta h . 1 .. r ................ .. - . -I 1 J

Lymph Nod.

, A•yoidoeie 1
1. .-... . . . 2 .

.¶ i rn L2 -. - _ - - -- - - - - - - - - _- - - - -

fleeces 11 rl at d eral i L io l -- u 2 - - - - - delitel - --etl -d- 4 - - -- rel - - q- i el abn i I a p-ea-e-& - - t-ie-e -i le p - -or ..-ei-b-e-

i-
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TABLE 105

StNMARY OF TISSUE LESIONS IN CONTROL MICE FOR NICE FED 2.4 -DN-T FOR 24 MONT•S

Sax! M_ a Is Fems I.e
House No.: 25 27 2S )0 11 34 5 41l 42 6 0j 10 L2 Ill 1.1 12 146 15910

Tre etmant-Related Lesions&i/ _ 
_

Liver
Liver cell tumor x x X X

Testis

_At:Zoahl•-----------------------------------------------------
Intestine

Other Lesions i

lye •.

Heart_ L eO,'RRI , siso uelev-,, _ 
I , . :: , 1 O X _ X . - . . .X x. L .x- x I

- by~cartie.linfuLt& _ - - -_ -----------------x ... - .--x. -'
Lung

Bronchoalveolar adenom X X x X x X
Papillary hyperplasia X
Bronchial epithelium hyperplaiia X

g~t~ijp~nurii y~e~pI~aLi5----------------------------------------Salivaryj Glands

-_tepeXe asie 1gn222 - - - 1 - 1 -',
Liver

Aging changes XX X XX X X X X X X X X X X X_ e &.Shf~nS, . . . . . . .-l -. . .- .. . . .-! -- ', --- - - - -
Kidney

Aging changes 21 11 I I I I1 1 11 1 1 1 1 1 1
Metasetaic hepatic carcinoma X

Anyloidosis 3 3 3
Focal ovelonaphritis 2

Ovary

Uterus
Loiomyoue

Testis
Focal valcultin:l1

26e24ia18.1 A - - - -g---- -- -- ------•--- - - --.. .
Rib

Adrenal

.Aginsh-onaex- -- -- ------- - - - -~ A..Ž Z~ 4 0 - ?
Pituitary

spleen

Bone Harrow

- -likai -2
Undetermined Site

Trissue not listed were normal. I
a/ Severity of lesions: 1 - mild, 2 - moderate, 3 - severe, . - minimal or questionable, X . present, 0 - tissue

missing or could not be read.
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TABLE 106

S1O4MRY OF TISSUE LESIONS IF~ MALE P(1CL FkhD 2.4.DN7 fOR 24 MONTHS

Dose (%~ in food): 0_________ .01% ________ 0.07%.

Treatment-Acloted Ieuional/ Mos No. j: jz JU U- 24 2 M 9W B7 2A- il L443 446 449 iL

Liver
Liver call tumr x x X x x X x X-

Cystic papillary carcinoma
Solid cortical adenomax
Soli~d renal cell carcinoma x x x

- --- --- --- X --- - ---- -- -- -- -- -- -- -- -- --- -

Testis

multiple Sites
_ Zis~n.js~in. .ia . .--.--.--..-..-..-..-..-..--.--.-----------
Intestine

- &s~i'vialnil .16.1ripner,-- ---------- ---- - - - ~---- --- -- -- -- -- ------ - - - --- -- -- 2

Eye
-Lesin.ll lexannexas.rL- ---------------------- ------- - X----- --- x- -------

Saivryn Glvoands ag~lsI

Stomnach
Polyps x
bei-ct~rUa~ ---- - - - - - - - - - - X- --------------------

Liver
Aging changes IC xC IC C x I x C xC xC x

Fatty change x

Kidney

Focal calcification x

Pigmented casts 1 1
Cortical retn~tion cyst 1

Tes tis uuiA

prostate

Adrenal

hgu1hia o-- ---- 0 0X- -X- -X- XX

Tissues not listed were normal,
Ll Severity of lesions; 1 mild, 2 moderate, 3 *severe, ± minimal or questionable, X -present, 0 -tissue missing

or could not be read.
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TABLE 107

SUWARY OF TISSUE LESIONS IN FRELE NICE F0D 2.4!DNT FOR 24 MONTHS

Dose (% •o need): 0.017. 0 P %
House No.: 322 323 DO M 3L 2 334 351 354 L26 527 531 547 548 M M7 558

Treatment-ReLaced Lesions&--/ .. .... ,_

Liver
Liver call tumor x K : x

Kidney_ o,,tiL Iag.htoeaghy . . . ._ .

MultipLe Sites

Intestine
_ &saiSala£iL -e-r -p -e- - __ - - - - -.

Other Lesions-"

lye

Breast

Salivery Gland

- keex-e-e-aio._ I - - -I - - 1 - - -
Liver

Agingchanges x K x x x x x x x X x x x
Inflamcory infiltrate x
Focal granulome------- -

Kidney
Chronic interstitial

ndphritis
Cortical retenti.on cysts x
Amyloidonis x X K K X x •

_ .g£n, Ahjnje1.... .. _ 1. . . .. 1. . . . .

Ovary
Cysts x K K 0 x
Serous oye tadenoma K x

Mucinous cystadenoma K x .
FoLlicular call tuamor - -•

Adrenal
-Agian 9Jh~njej - - - - -K -& 2 C .- - - AiX - A --- 1

Thyroid
Aging changes 0 x x x x K 0 K K 0 0 X x x x 0

- -oki~Lr.a.n~ K ----
Pituitary

Lymph Node

Tissues not listed were normal.
1/ Severity of lesionst I - mild, 2 - moderate, 3 - severe, + - minimal or questionable, X present,

0 - tissue missing or could not be read.
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TABLE 109

'UI94ARy OF TISSUE L1ONS IN CONTOlMI1O2 FOR MtICI• .• .4-4,DNT DYIN, AT UNSCHLZDtI]ED TIMES

SexL _t5e =i_ le .

Weak of Death: 13 41 44 44 46 80 0 93 41 43 46 45 648 8 6B 73 82 84 90 93 91. 101
Treatment-eLt ed Lesdona?

Testis

Intestine

SO ther Lesi dons

Eye

-Lung~~nieeeC~I
bronchoalveolar adenom x X

M4etastatic imaeiry

Salivary laund

S Liver

Agin; changes x x x x x : x
Fatty changes 13
Srv ton effects 2 1 1 1

Pancreas

Kidney
Aging changes X 1 X *. X K .

--_- - -----.- -.-.-.-.- -.-.-.-. - -.-.-.-. - -.-.-.-. --. -.- .- .- - .-.-.- - - .-.-.L.- -.-.- -:- ----- - -

Uterus

_ .t..iAn..U.z . . . . . . . . . . . . . . . . .

MultLple Sites
Endo the lioms .
Inflamation x

Adrenal -

Thyroid
_As.ZahAoiek_--------------.-- .~o.• - . .x.• _0. _._•_.

bone Marrow

-~yoe1I t- -- -- ------- --- ----- I- ------------ _X -X

Timsues not listed were norma,
I/ Severity of 1esiono: I - mild, 2 moderate, 3 severe, . - minieAl or questionable, X present, 0 - tissue meising or could

vtic be read.
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TA19 111 PART B
SIMlA•f Or TIBSUE ISZ!HS •I NALi NCE fD 0,'L• 2MXDH

MND DYIN AT UNMDuIID TIMES

mouse No., I0 NJ U U M3 L• W4 AUs 6U W4 M1 M2 6a M1 M2 M• L49

Week of Death3 41 41 43 :: 43 43 43 I 46 46 48 49 50 51 51 69

I * nI-hC I t Ie InK /

Liver

Liver call tumor x x

- ALoAt . .---... _ - --- •----------x_.. -..-. - -- -L.. .

cystc•, papillary carcinoma X
Ionic r~phropathy X x x x x X x x x X X x X X x )
Atypical sptepL~b ,un x X X X X x• x X X K

Testis .. .o:cz€, x htj e c. . . t. . m . .. . .. . .. _2_ . .x.. . .

multiple Sites

- A n Iiu iA -e~rDk* , . --, -- -. . .- - -------

Drain 0 0 0

- -.tq -rn lei -e~ij~ - - -C X - K L-1 -
SOther Lesions

IY

SL� Reaxi - --A,.__-- .. ....-.- .----------- -.... -- - - - - .... - 0 1.
Meart
. •oj•e•SYOA.rliP-. --- ...--------------------.. A.._ 2.......... .------- _-

- 0AIOO AR- -- --- --- -- -- - 0-- - -

Kidney
.ji m a z-excsm_ -- - - - -

brain 0 1 0
_ Io~aa, £ec~~atAe•. ... x j. .
Thq yroidI!

Tisues not lueed veIe tomal.
A/ Severity of 1..1on0i 1 mild. 2 moderate, s - severe, • - minimal or questionable, X- present, 0 - tissue

missing or could not be reed.
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TABLE L15

NO -TUAn•-•-ILATED TUMORS IN MICE FRD 2.4-M,

nose (i tn feed)i 0 0.01 0.07 0.5

Box, L~I. Ftol*1 K~al Fos I* M4ae female dLLN Female

itse Tumoru

Lung

. h_,~te. _ _.e _o• . L

ovary
Serous cyseadenOma
M ucious ,ytadonoam 2

Follicular cell tumor I
.ufa laTe~.t ei-Ilra,- -

Uterus
Benign neoplastic cyst I

Lsiomy ou -

Mammary Gland

Carcinoma

Connective Tissue
)emangioma 2. 3
Hyxoms
Reticulum cell tumor L
EndotheliomA
Spindle cell Sarcoma

- ~3O,, cll rcago.. - --
Rib

Chodome

Pi tuT Cary
4 •d~tnoia I

Lymph Node
LymphangiomA

- 1ymhotaxem -

A/ $umber of mice with the lesions.

Ii
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I rK VI. GENERAL DISCUSSION AND CONCLUSIONS

A. Toxic Doses

There was a large variation in doses of 2,4-DNT required for a
given toxic effect in the three species studied.

In dogs, the low dose, 0.2 mg/kg/day, had no apparent effects;

1.5 mg/kg/day was toxic to some; and 10 mg/kg/day was toxic to all and
lethal to some.

In rats, the low dose with intake of 0.57 or 0.71 mg/k3/day in

the feed for the males and females, respectively, had no apparent effects.
The middle doese with intake of 3.9 or 5.1 mg/kg/day for the males and females,

respectively, was toxic to some. The high dose with intake of 34 or 45 mg/

kg/day for the males and females, respectively, was toxic to all and

shortened the life span.

In mice, the low dose with intake of 13.5 mg/kg/day in the feed
for both males and females was slightly toxic to some. The middle dose

with intake of 95 mg/kg/day was toxic to all. The high dose with intake
of 900 mg/kg/day halved the life span.

B. Target Organs

In addition to its nonspecific effects on body weight and life

span, 2,4-DNT caused toxicities on a number of target organs in the three
species studied. The target organs included the blood (methemoglobinemia
and sequelas), central nerve system (ILZCoordination, sometimes including
ataxia and paralysis), liver (degenerative and hyperplastic lesions including

hepatocellular carcinoma), kidney (cystic changes and tumors), gonads
(atrophy and aspermatogenesis in the male, nonfunctional follicles in the
female), subcutaneous and mammary gland tumors (f ibromas and fibroadenomas,
respectively), abnormal pigmentation (macrophages and other cells in various
tissues), and possibly intestinal pinworms.

There were no significant specific effects seen in the various
special studies. These studies included assay for immnunoglobin E, three
generation reproduction, mutagenesis and metabolism.

1. Non-Specific Effects

As with most chemically toxic compounds, large doses of 2,4-DNT
produced a decrease in weight gain accompanied by a small decrease in

feed consumption and a decrease in life span. These effects were quite
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pronounced in the high dose rodents, but not obvious in dogs, where the
unscheduled deaths were due to the nervous system effects.

20 21/
The symptoms reported in human occupational exposur~e2-0- include

headache, weakness and lassitude, inappetencer nausea and vomiting, vertigo,
pain or paresthesia in extremities and upper abdominal discomfort. Most
of these effects would be associated with no obvious pathological lesion in
animals, but could produce the observed non-specific effects.

2. The Blood

Of the many effects of 2,4-DNT, the effect on the blood is the
most thoroughly studied.22/ This effect is produced by aromatic amines,
hence the term "anilinism," and most organic and inorganic nitrates and
nitrites. These compounds, or, probably, the nitrosamine and hydroxylamine
derivatives, oxidize the iron in hemoglobin, producing methemoglobin.
Within limits, the body can correct this. Inborn deficiencies in metabolism,
such as glucose-6-phosphate dehydrogenase deficiency,14/ or high levels of
the poison can overwhelm the normal protective measures, producing numeroussecondary effects.

While 2,4-DNT does produce methemoglobin, levels rapidly decrease.(3/
Thus, measurable methemoglobin was seldom found. The task was rendered more
difficult by the available assay method, which involves measuring the dif-
ference in absorption at 630 nm before and after conversion to cyanmethemo-
globin (Appendix I). Because of this subtraction, even control blood can
have some apparent methemoglobin. Low levels up to 4 to 5% of the total
hemoglobin may be artifactual.

The presence of methemoglobin in erythrocytes leads to the forma- 4
tion of aggregates of ill-defined degradation products, called Heinz bodies.L-/
These have been seen after human poisoning with dinitrotoluene and 2,4-DNT
was probably the major isomer present._=J These are readily detected, even
if less than 0.1% of erythrocytes are so affected, by the use of appropriate
stain. Thus, the presence of Heinz bodies seems to be the most sensitive
indicator of this blood toxicity, and a reasonably useful indication of
degree of toxicity.

High levels of methemoglobin are removed by catabolism. Therefore,
anemia develops. Within limits, the homeostatic mechanisms of body can
compensate by increasing erythrocyte production. This can be detected by
the increased proportion of immature erythrocytes, reticulocytes, in the
blood. Since reticulocytes are larger, with a relatively low hemoglobin
concentration, changes in the Wintrobe indexes can occur. If the toxic
dose is not too severe, these mechanisms suffice. Thus, "compensated anemia"
may exist, normal erythrocyte levels with reticulocytosis. In other cases,
frank anemia may be present.
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This effect was found in the high dose animals of all species,
and in some individual middle dose animals. As the studies continued into

the second year, there was a decrease in the amount of this "anilinism"
seen. This was probably due to the adaptation of the animals, either pro-
ducing less methemoglobin or more erythrocytes, although no evidence of

changes in the erythropoietic system were found. It could be due to the
earlier deaths of the more susceptible animals. However, methemoglobin
did occur in the dogs surviving during the second year.

3. Central Nervous System

Behavioral changes indicative of central nervous system effects
were prominent in the dog, fairly common in the mouse and rare in the rat.
In the dog, there was incoordination, sometimes leading to paralysis. Two
of the most severe cases were accompanied by degenerative lesions in the

cerebellum, which provides motor coordination. In the mouse, there was de-
pression with hyperexcitablity, but no lesions were found (except rare pig-
mentation). A few rats showed some minor signs, possibly indicating inco-
ordination. Many of the signs reported2LV in humans suffering from DNT
toxicity, including unpleasant taste in mouth, headache, weakness, nausea,
vertigo, pain or paresthesia in extremities, could be interpreted as similar
mild manifestations of the same biochemical lesion(s) seen in these animal
studies, but that is mere speculation. There are no data on the biochemical
events involved in the CNS toxicity.

4. Liver

Some hepatic lesions were seen in dogs and mice. But the most
severe hepatotoxicity was found in rats, where the progressive development
of hepatocellular carcinoma occurred. This progression is known for several

compounds,1 6- 1 7 / as discussed above.

Occasional tenderness of the live21/ and rare jaundice-20 were

found in workers poisoned by DNT. Furthermore, eight of 22 deaths from

trinitrotoluene toxicity were reported due to "toxic hepatitis" with 13
other deaths ascribed to aplastic anemia and one to a combination of he
two syndromes.-8/ There were no deaths reported from DNT toxicity.25 e

5. The Kidney

Serious renal effects were seen only in the mouse. There were
characteristic cystic degeneration, anaplastic epithelium, possibly pre-
neoplastic, and a variety of tumors, generally cystic, These effects were
rare in the high dose mice, but most of them died before the end of the
first year of study. The effects were much more pronou ced in the male
mice. No such effects were seen in the NCI bioassay.26- However, they
used a different strain of mouse (B6C3FI, rather than CD-IA and used a high
dose (0.04% 2,4-DNT in feed) intermediate between our low (0.01%) and middle
(0.07%) doses.
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6. The Gonads

2,4-DNT caused atrophy of the teste3 with, in sufficient dose,
a complete cessation of spermatogenesis. The severely affected tubules
become empty, merely epithelium. This effect has not been reported in humans,
but there is no indication that it has been sought. For instance, the massive
report on occupational disease in U.S. government owned explosives piants __

contains no mention of sterility. The NCI Bioassay Report-6/ reports no
increase in testicular atrophy.

The mechanism of this effect is unknown. However, 2,4-DNT has a
deleterious effect on frog sperm in vitro.27/ Since an analogous effect,
non-functional follicles with lacking of corpora lutea, was seen in the
high dome female mice, it is an interesting speculation that these effects
may have a common mechanism, perhaps a derangement of the pituitary hormonal
systems, with no apparent lesions.

7. Subcutaneous Tumors

In rats, 2,4-DNT caused major increases in the incidence of
naturally-occurring subcutaneous fibromas in males and mammary fibroadenomas
in females. These tumors contributed to the death rate. The NCI Bioassay26/
found similar increases of the same tumors in rats of a different strain
(Fischer 344, rather than CDA fed a lower dose (0.02% 2,4-DNT) for 18 months,
followed by 6 months recovery. The only mammary tumors that occurred in male
rats from the present study were in two high dose rats; this may be a 2,4-
DNT induced effect.

8. Pig!mentation !

A peculiar pigment was found in the mice, dogs and a few rats.
The composition of this pigment is unknown. However, it did not appear to
be toxicologically significant, since it was not associated with any lesions.
Because the metabolism of 2,4-DNT produces many compounds, generally orange
to red,A/ it seems likely that some metabolites are a part of the pigment.
It is also possible that degraded hemoglobin is part of the pigment.

9. Pituitary Adenomas

A decrease in pituitary adenomas occurred In rats fed high dose
of 2,4-DNT. This pituitary adenoma is the most common spontaneous tumor in
the strain of rat used in the study,!i5/ and was the primary cause of un-
scheduled deaths in the control, low and middle dose groups. The increased
death rate in the high dose rats may have contributed to thr, decreased
incidence of the pituitary adenomas. However, even those high dose rats
surviving beyond month 20 had an abnormally low incidence of pituitary
adenomas.
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10, Intestinal Parasites

Despite all the adverse effects, there was one possible beneficial
effect of 2,4-DNT. Pinworm Infestation was decreased in the high dose mice.
A similar effect was seen in rats killed after 12 month's dosing, but this
was probably due to the small sample, because it was not seen in rats
living longer.

C. Carcinogenesis Mechanism

The NCI bioassay on 2,4-DNT26/ found results similar to ours with
respect to the increased subcutaneous tumors, but not to other effects. How-
ever, 2,4-DNT can be and is, in part metabolized to 2,4-diaminotoluene,./i
which has recently been bioassayed.-- Their rat doses bracketed our middle
dose (0.01%); their mouse doses were our low dose (0.01%) and 0.02%. They
found in their rats neoplastic nodules and hepatocellular carcinomas, mam-
mary adneomas and carcinomas, and (in males), subcutaneous fibromas, just as
we found in our rats given 2,4-DNT. Also, their female mice had an increased
incidence of hepatocellular carcinomas. They noted decreased survival and
lesions indicating hepatonephrotoxicity, although details were not yet avail-

able.

The similar effects of 2,4-diaminotoluene in Fischer 344 rats at
doses lower than those of 2,4-DNT we gave CDSrats implies that at least
part of the carcinogenic mechanism of 2,4-DNT involves conversion to 2,4-
diaminotoluene or that both compounds are converted to the same toxic metab-
olite. Their results in B6C3F1 mice are less similar to ours in CD-l1 mice.
Both strains have similar low absorption of 2,4-DNT.A/ We found kidney
tumors, they found liver tumors and we both found hepatonephrotoxicity.
Common mechanisms may still be at work in mice, but they are not as striking
as in rats.

D. Medical Surveillance

From the results of these studies and the available literature,
the most useful objective parameters for estimating an individual's exposure
to toxic doses of 2,4-DNT are Heinz bodies and the reticulocyte count. Heinz
bodies persist and are easily detected. An increase in the reticuloycte
count would indicate increased destruction of erythrocytes before obvious
anemia develops. Methemoglobinemia is apparently too transient to be use-
ful, especially for low-levels of exposure. The other effects observed
developed later than these blood effects. In addition, a hand-eye coordina-
tion test might be useful for determining if a neuromuscular incoordination
effect exists.
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E. Water Quality Criterion

1. Rationale fl
Water quality criteria are used to estimate the amounts of nox--

ious compounds in ambient water which will not be hazardous to the human
population. The EPA has developed methodology Q3 for the determination
of these criteria. We will use our data on 2,4-DNT to assess the risk to
humans. Of the effects of 2,4-DNT discussed above, the critical one is
carcinogenicity.

As a matter of policy, the EPA uses the "one-hit model" to
extrapolate animal carcinogenic data to man. This model, expressed
mathematically as:

P - e-BD,

assumes that one molecule of a carcinogen delivered to the proper active
site is adequate to initiate the irreversible process of carcinogenicity.
Therefore, the probability (P) of an individual developing a tumor is a

function of the dose (D) and the slope (B) of the dose-response curve, a
measure of the potency of the subject carcinogen.

From the above chronic studies, the following data are avail-
able: r.t, the number of animals exposed to the lowest dose that produced
tumors et a level significantly higher than controls, using the Fisher
exact test at the p < 0.05 level of significance; d, average dose per unit
of time (mg/kg/day) during administration of the chemical; NT, the total
number of animals exposed to the selected dose level; NC, the total number
of control animals; nnc, the number of control animals with the tumor type
studied; Le, the maximum lifespan for the test animal (i.e., 6 weeks from
birth to start of dosing, then 2 years of dosing); Ie, the actual maximum
time of exposure for test animals; K, average weight of test animals in
kilograms. These data are then converted to parameters applicable to
humans ,sing the expanded model:

Pt = Pc + (1 - Pce)(] e-e-t 3BD)

where Pt and Pc are the proportion of tumors in treated and control animals,

respectively, and t is the ratio of test animal lifespan to human lifespan.

The human dose is considered to come from direct consumption of 2 liters
of contaminated water each day and from the consumption of 0.0187 kg/day
of fish (T) from the contaminated water. The 2,4-DNT intake from the
fish is derived from the bioconcentration factor (R) calculated by Mr. J. G.
Pearson..1/ From these data we can calculate the dose associated with a

given Pt.
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2. Calculations

The first step is determining the lowest dose group with a
statistically significant tumor increase. These are listed in Table 116.
Since we have several tumor types, both between groups (species, sex) and
even within female rats, we calculate the criteria from the data set pro-
viding the highest potency factor (steepest slope, B). The data used are
sumnarized in Table 117. The potency factors and the calculated criterion
levels are shown in Table 118. The largest is that of mammary tumors
in female rats.

3. Conclusion

Because 2,4-DNT has carcinogenic effects, an ambient water con-
centration of zero is necessary for maximum protection of human health.
However, exposure to 1.152 jig/liter for a lifetime produces an estimated
risk of 10-5 (1 in 100,000) that a tumor will develop in man. A tenfold
decrease in dose would produce a tenfold decrease in the estimated risk.
Because of the similarities between the isomeric DNTs, this limit for
2,4-DNT is appropriate for a normal mixture of DNTs.
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TABLE 116

SIGNIFICANT TUMOR INCIDENCES IN ANIMALS GIVEN 2,4-DNT

2,4-DNT
Intake Tumor Incidence

Species, Sex (mg/k./day) Tumor Type Control Treated Probability-/

Rat, Female 45.3 Hepatocellular carcinoma 0/23 18/34 0.000 007 1

Rat, Maie 34.5 Subcutaneous tumors 2/25 15/30 0.000 53

Rat, Female 45.3 Mammary tumors 11/23 33/35 0.000 083

Mouse, Male 13.3 Renal tumors 0/33 5/33 0.027

a/ Fisher's exact test for contingency tables,
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TABLE 117

DATA FOR CALCULATING WATER QUALITY CRITERIA

Female Rats Hale Rats Female Rats Male Mice
Hepatocellular Subcutaneous Mammary Renal

• Tumor Type Carcinoma Tumors Tumors Tumors

nt 18 15 33 5

NT 34 30 35 33

nc 0 2 11 0

NC 23 25 23 33

Le (wk) 110 110 110 110

le (wk) 104 104 104 104

d (mg/kg/day) 45.3 34.5 45.3 13.3

W (kg) 0.285 0.470 0.285 0.040

I L (wk) 104 104 104 90

R 18.8 18.8 18.8 18.8

T (kg) 0.0187 0.0187 0.0187 0.0187
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TABLE 118

WATER QUALITY CRITERIA LEVELS (pg/i;- ppb) FOR RISK TO MAN

Risk Level

Tumor TyPe Slope (B) 10-5 10-6  _0__7

Hepatocellular carcinoma, female rats 0.08807 3.380 0.338 0.034

Subcutaneous tumors, male rats 0.0791.8 3.760 0.376 0.038

Mauuimary tumors, female rats 0.25841 1.152 0.115 0.016

Renal tumors, male mice 0.08156 3.650 0.365 0.036
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HEMATOLOGY, CLINICAL LABORATORY TESTS, HISTOPATHOLOGY,
STATISTICAL ANALYSIS, A NORMAL VALUES

Ii1. HEMATOLOGY AND CLINICAL LABORATORY TESTS :

The usual blood sample from dogs is 8 ml, from monkeys 4 ml, and
from rats 0.3 ml for hematology and about 8 ml for full analysis at termin-
ation.

A. Hematology

The following hematological analyses are performed on all blood
samples from rats, dogs and monkeys.

1. Erythrocyte and leukocyte counts: A Coulter Electronic
Particle Counter with 100 M aperture is used.Y/ Particle-free diluents
(Isoton for RBC, Zap-Oglobin in Isoton for WBC, Coulter Electronics, Inc.)
are counted to establish the background. Each blood sample is counted in
duplicate. For each test day, two control blood samples (Diagnostic

Technology, Inc.) are counted separately in duplicate.

2. Hematocrit: Hematocrit is determined in capillary tubes

using a microcapillary centrifuge (International Equipment Company, Model
MB). Two control blood samples (Diagnostic Technology, Inc.) are measured
separately in duplicate.

Eahblo3. Hemoglobin: Hemoglobin is measured as cyanomethemoglobin.-/
Each blood sample is measured in duplicate. Cyanomethemoglobin (Coulter
Electronics, Inc.) is used as the standard. For each assay, two levels of
the star-.ard are used and two control blood samples (Diagnostic Technology,
Inc.) are measured in duplicate.

4. Methemoglobin (Met-Hb): Met-Hb is measured by the method of
Dubowski.3/ A positive control is made by adding potassium ferricyanide
to control blood.

5. Heinz bodies: Heinz bodies are stained with methyl violet and

the percent of Heinz bodies is calculated.

6. Mean corpuscular volume (MCV); MCV is calculated as follows:

MCV (M ) - Hematocrit x 10MCV
Erythrocytes in millions/tO
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7. Mean corpuscular hemoglobin (MCHb): MCHb is calculated as
follows:

MCHb (s.pg) - Hemoglobin (gm %) x 10
Erythrocytes in millions/ra 3

8. Mean corpuscular hemoglobin concentration (MCHbC): MCHbC
is calculated as follows:

MCHbC (gin %) Hemoglobin (gm %). x 10
Hematocrit

9. Differential leukocyte counts: Wright's stain is used to

stain the leukocytes for examination.

10. Reticulocyte count: Reticulocytes are counted by the methy-
lene blue method using the Miller disc.4/

11. Platelet count: A Coulter Electronic Particle Counter with
70 g aperture is used.T. Particle-free Isoton is used as diluent and
counted to establish the background. At weekly intervals, platelets are
also visually counted in a hemocytometer with a phase microscope for
comparison.67

12. Clotting time (dog and monkey): Clotting time is determined
by the capillary tube procedure using two capillary tubes.!/ The time
elapsed from the appearance of the blood from the animal and coagulation
in either tube is measured.

B. Clinical Blood Tests

The following clinical blood chemistry tests are performed on

all blood samples from dogs and monkeys and on blood samples from rats
at termination.

1. Blood glucose: Fasting blood glucose is determined by Stein's
hexokinase method.1/ Standard glucose solution (Dade) is used to establish
a standard curve. For each assay, one level of the standard and two con-
trols (Reference Serum, Worthington; and Validate, General Diagnostics) are
measured.

2. Serum glutamic-oxaloacetic transaminase (SCOT): SCOT is
measured by the method of Amador and Wacker.2/ Validate and Reference
Serum are used as the enzyme reference for each assay.
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3. Serum glutamic-pyruvic transaminase _S§2TJ: SGPT is measured

by the method of Henry et al.A1.O Validate and Reference Serum are used as
the enzyme reference for each assay.

4. Alkaline phosphatase: Alkaline phosphatase is measured by
the method of Bowers and McComb.1I/ Validate and Reference Serum are used
as the enzyme reference for each assay.

5. BUN: BUN is measured using the BUN Strata Kit (General Diag-
nostic) which is based on the urease method.12/ Three levels of Calibrate
(General Diagnostics) are used to establish a standard curve. For each
assay, two controls (Calibrate I and Validate) are used as the reference.

6. Creatinine: Creatinine is measured by a modified kinetic
ale.aline picrate procedure.13/ Creatinine Standard Solutions (Sigma Chemi-
cal Company) are used to establish a standard curve. For each assay, two
levels of the standard and two controls (Calibrate I and Validate) are
used as reference.

7. Lactate dehydrogenase (LDH): LDH is measured by the method
of Wacker at al.--•4 Precinorm E and Precipath E (Boehringer, Mannheim
Corporation) are used as the enzyme controls for each assay.

8. Q-Hydroxybutyrate dehydrogeoase (a-HBDH2! a HBDH is measured

by the method of Rosalki and Wilkinson.1-2/ Precinorm E and Precipath E are
used as the enzyme controls for each assay.

9. Creatine phosphokinase (CPK): CPK is measured by the improved
procedure of RosalkiLY based on the methods of Oliver.17/ Precinorm E and
Precipath E are used as the enzyme controls for each assay.

C. Urinalysis

Urine samples are collected from animals before and during treat-
ment as are the blood samples. The urine from rats is collected by slight
manipulation of their body, and samples within each group are pooled. The
monkeys and dogs are placed individually in metabolism cages, and urine is
collected in the stainless steel pan. The urine from each dog and the pooled
urine from rats are tested and examined for the following:

1. Protein: Urinary protein is determined with Labstix (Amen
Company, Elkhart, Indiana).

2. Sugar: Urinary glucose and reducing substance are determined

with Labstix (Ames Company).
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3. Microscopic examination: Urine samples are centrifuged and

the supernatant discarded. The residue ts restuspended and examined micro-
scopically for the presence of erythrocytes, leukocytes, epithelial calls,
and crystals under high power field and for casts under low power field.

A positive urine control. prepared with known amounts of protein

and glucose in saline adjusted to pH 6.0 is run with each assay to check
the reliability or the Labstix.

D. Occult Blood in Feces

Fecal samples are collected from animals before and during
treatment as are the blood and urine samples. Occult blood in the feces
is determined with Hematest Reagent Tablets (Ames Company, Elkhart, Indiana).
A positive control (whole blood) and a negative control (distilled water)
are included with each assay to check the reliability of the Hematest
tablets.

E. Precision of Hematology and Clinical Blood Chemistry Tests

1. Reproducibility

For erythrocyt.e and l.eukocyte counts, hematocrit, hemoglobin, and
the various clinical blood chemistry tests, the same control blood samples
or control standards are used for day-to-day assays. The replication of
results are excellent and are summariznd In Table A.

The determination of differential leukocyte counts and reticulocyte
counts are performed by experienced personnel. At weekly Intervals, a blood
sample is counted by two or more personnel co confirm the accuracy of the
counting. Also at weekly intervals, the platelet counts obtained from a
Coulter Electronic Particle Counter are compared with the direct visual

cou;nts in a hemocytometer using a phase microscope.

2. Reproducibility Within a Test I)ba

At monthly intervals, a blood sai,.ple is taken from a control dog
and six or more determinations tor erythrocyte, leukocyte, reticulocyte,
and platelet coutts, hemoglobin, and various cl:inical, blood chemistry tests
are performed to establish the reproducibility within an assay. The results
are susmarized in Table 1).
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3. Proficiency Test Service

We subscribe to the Proficiency Test Service of the Institute
for Clinical Science, Hahnemann Medical College, Philadelphia, Pennsylvania
(F. Wn. Sunderman, M.D., Director). On the first day of each month, this
service sends two samples containing two different sera or solutions to all
subscribers for measurements of one or more of the parameters usually analyzed
in clinical laboratories. Participants report their results on a form fur-
nished by the service. On the 15th day of the month, each participant re-
ceives a report from the service which includes: the results of a statistical

i l analysis of the values reported by all the participating laboratories; a

* current review of pertinent methodology; a comprehensive bibliography; and
validation of the results which the participating laboratory reported. This
service enables each participating laboratory to obtain an unbiased and criti-
cal assessment of its proficiency in relation to that of 1,000 or so other
clinical laboratories throughout the country. The service has been in con-
tinuous operation since 1949 and was given endorsement by the American Society
of Clinical Pathologists in 1952 and by the Association of Clinical Scientists
in 1957 and 1968. Our results have been found to be satisfactory and are
summarized in Table C.

II. HISTOPATHOLOGY

A. Necropsy, and Gross Examination

At termination or prior to imminent death, rats are killed with
ether, and dogs and monkeys with an overdo.s of sodium pentobarbital. Animals
that die on tests are.kept refrigerated but not frozen until necropsy. The
general physical condition and nutritional status ui each animal at the time
of death or termination are observed and recorded. Necropsy is performed as
soon as possible after death. Gross changes of all tissues are carefully
examined and recorded.

B. Organ Weights

The brain, liver, spleen, kidneys, adrenals, thyroids and gonads
are trimmed free from surrounding tissues and weighed. The organ weight to
body weight and/or brain weight ratios are then calculated.
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C. Tissues for Microscopic Examination

Tissues to be examined include the eye, skin (breast), trachea, )
lung, tongue (except rat), salivary gland, liver, gallbladder (except rats),
pancreas, esophagus, fundic and pyloric stomach, duodenum, Jejunum, ileum,
cecum, colon, kidneys, urinary bladder, gonads, and accessory organs, 4

diaphragm and gracilis muscle, anterior pituitary, thyroids/parathyroids,
adrenals, tonsil (except rat), thymus, spleen, prescapular (except rats)

and mesenteric lymph nodes, rib bone with bone marrow, brain (sagittal
section for rats; coronal sections of cerebral cortex, cerebellum, and
brain stem for dog and monkey), spinal cord (lumbosacral plexus, dog and

monkey), sciatic nerve and any other structures not mentioned which show
abnormal gross changes. e4

D. Fixation and Staining of Tissues

All tissues are cut not to exceed 1 cm in thickness for fixation.
For most tissues, neutral buffered 10% formalin is used. Sufficient volume

of fixing solution is used and the tissues are changed to a fresh solution
after 24 hours. The fixed tissues are processed in an Autotechnicon for
dehydration, clearing, and infiltration and then embedded in paraffin.
Routine H & E staining is used to stain the sectioned tissues for micro-
scopic examination.

Supplementary tissue fixatives and staining techniques may be
employed for more positive identification of special lesions such as calci-
fication, pigments, fat deposition and other abnormal changes.

III. STATISTICAL ANALYSIS

Data are analyzed statistically using the Duqnett's multiple com-
parison procedure following an analysis of variance,- or our modification
of this procedure for uneven numbers among groups. The chosen criterion

significance is p 4 0.05. The means of each group at various intervals
during treatment are compared with pretreatment levels. For most experi-
ments in-beagles, three baseline (pretreatment) levels are obtained. The
baseline levels for each animal are averaged and the mean is used in the
analysis. In addition, the means of the various treated groups are compared
with that of the control group at the respective time intervals.
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IV. NORMAL VALUES

A. Hematology, Clinical Laboratory Tests and Bone Marrow

Since June 1971, we have used about 180 rhesus monkeys (Woodard
Research Corporation, Herndon, Virginia, Primate Imports, Port Washington,
New York, and PrimeLabs, Inc., Farmingdale, New Jersey) for various studies.
The peripheral blood elements and clinical blood chemistry values of these
monkeys before treatment and the myeloid/erythroid (I/E) ratio of the bone
marrow of the monkeys used as normal controls varied among individual ani-
male. The mean ± S.D. and the range of the various parametevs for the males
and females are summarized in Tables D and E, respectively.

Since September 1971, we have used about 525, 5 to 9 months old,
beagles dogs (AKC registered, Hazelton Research Animals, Inc.). The periph-
eral blood elements, clinical blood chemistry values and the M/E ratio of
the bone marrow varied considerably among individual dogs. The mean ± S.D.
and the ranges of the various parameters for the males and females are
summarized in Tables H and I, respectively.

i /iDuring the same period, we have used about 500, 7 to 10 weeks old,

male albino rats (CDO Strain, Charles River Breeding Laboratories). As
for the dogs, the individual variations of the peripheral blood elements,
clinical blood chemistry values and the M/E ratio of the bone marrow were
large. The mean ± S.D. and the ranges of the various parameters for these

male rats are summarized in Table L.

B. Absolute and Relative Oraan Weights

Organ weights, both absolute and relative to body weight, of
rhesus monkeys, beagle dogs, and albino rats are summarized in Tables F
and G, J and K, and M, respectively. These were control animals used be-
tween June 1971 and December 1976.

C. Presence of Various Substances in the Urine

Various substances occasionally occurred in the urine of monkeys,
dogs and rats. The results are summarized in Table N. Large percentage of
urine samples from monkeys contained epithelial cells, i.e., 34.7% to 52.0%.
Other substances occurred in 8.1% or less of the urine samples.

In dogs, protein, erythrocytes, leukocytes and epithelial cells
.3 were present in 19.1 to 21.6%, 16.5 to 19.8%, 22.6 to 24.6% or 24.7 to 25.7%,

respectively, of the samples from dogs collected for analysis. Glucose,
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crystals, and casts occurred in less than 2% of these samples. Some dogs
had been bled and returned to the metabolism cages before the urine was

removed for analysis. The high incidence of some of these substances in
the urine of these dogs might be due to contamination with the fecal material

and traces of blood dropped in the cage. Special care to avoid contamination

has been undertaken.

In rats, large percentage of urine samples contained protein, i.e.,

29.8 to 36.01. A few samples contal.ned erythrocytes, leukocytes, epithelial

cells and crystals.

D. Occult Blood in the Feces

Less than 10% of the feces samples from monkeys or dogs was positive
with the Hematest for occult blood. The results are summarized in Table 0.
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TABLE A

REPRODUCIBILITY AMONG TEST DAYS ON THE i
SAME CONTROL SAMPLES OR STANDAPADSA.I

No. of
Determinations Mean * S.D. Range

Erythrocytes (x 106/=m3)

Normal level 20 4.51 ± 0.07 4.36 - 4.67
Abnormal level 20 2.32 1 0.04 2.25 - 2.40

Hematocrit (vol %)
Normal level 20 44.3 1 0.40 44 - 45
Abnormal level 20 22.8 t 0.60 22 - 24

Hemoglobin (gin %)
Normal level 20 14.2 j 0.20 13.6 - 14.5
Abnormal level 20 7.4 -0.20 6.9 - 7.8

Leukocyte Counts (x 10 3 /mm3 )
Normal level 20 7.3 ± 0.50 6.8 - 8.7
Abnormal level 20 17.6 * 0.80 16.3 - 18.7

lasting Blood Glucose (mg X) 20 163.0 ± 7.5 151 - 178
SGOT (IU/1) 23 61.7 3.9 55 - 68
SGPT (IU/1) 23 51.3 2.6 46 - 55
Creatinine (mg %) 18 2.2 . 0.3 1.6 - 2.6
BUN (mag %) 19 9.8 * 0.2 9.5 - 10.2
Bilirubin (mag %, 11 0.8 *0.1 0.8 - 1.0
Alkaline Phnaphatase (lU/1) 22 71.6 * 5.4 62 - 80
CPK 11 153.0 7.7 139 - 161
LDH 8 98.0 2.4 95 - 101
VBDH 8 226.0 * 7.2 214 - 238

a/ Performed in December 1976.
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TABLE B

REPRODUCIBILITY WITHIN A TEST DAY

ON THE SAME spECImES!

Mean k S.D.- Ran&

Erythrocyteu (x 106s.3) 5.90 k 0.14 5.73 - 6.08
Reticulocytes () 0.63 0.12 0.44 - 0.79
Hematocrit (vol %) 46.8 * 0.6 46.0 - 47.5
Hemoglobin (gm X) 16.1 * 0.2 15.8 - 16.1

* Platelets (x 10 5 1/m3) 1.56 *- 0.07 1.49 - 1.66
Leukocytes (x 163/m=3) 10.8 - 0.4 10.2 - 11.3

Bands (M) 0 * 0 0 - 0
Neutrophils (2) 64.3 * 3.1 61 - 69
Lymphocytes (2) 29.0 -* 4.9 :3 - 35
Eoinophils (2) 3.2 1 0.8 2 - 4
Bamophils () 0 * 0 0 - 0
Monocytes (2) 3.4 ±j 0.9 3 - 5

Atypical (%) 0 1* 0 0.- 0
Nucleated RBC (2) 0 *. 0 0 - 0
Methemoglobin (gm) 0 k 0 0 - 0
Pasting Glucose (mg 2) 96.7 ± 3.0 32 - 101
SOOT (iU/,) 23.2 . 2.8 21 - 28
SGPT (IU/1) 25.3 * 2.1 24 - 28

Creatinine (mg %) 0.6 :k 0.1 0.5 - 0.6

BUN (mg %) 9.0 * 0.0 9-9
Alkaline Phosphatase (IU/1) 63.5 * 1.1 62 - 65
CPK 44.0 * 1.6 43 - 46
LDH 38.5 *j 1.6 37 - 40
HBDH 42.0 k 1.6 40 - 43

a/Performed in October 1976.
b/ Six determinations from an adult beagle blood sample.
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TABLE C :
PROFICIENCY TEST SERVICE (PTS) REPORTS (1975-1976)!' a

Participating
Laboratories ii

MRI PTS (10-90 Percentiles) Acceptable
Unknowns Results Results Median Mean Performanceb/

Hemoglobin 13.8 gm Z 13.8 13.8 13.8 13.6 - 14.0 '1

18.1 gm Z 17.9 17.9 17.8 17.6 - 1.8.2

Serum Protein 6.6 mg % 7.1 7.0 7.0 6.7 - 7.3

Fasting Glucose 272.0 mg % 264.5 266.0 263.0 240 - 290
229.0 mg % 221.4 220.5 222.5 200 - 240 i

BUN 12.1 mug % 12.0 12.0 12.2 11.0 - 13.0
38.4 mg % 40.1 40.3 39.2 36.0 - 44.0

Creatinine 1.0 mg % 1.0 1.0 1.0 0.8 - 1.3
4.3 mg % 4.4 4.5 4.4 3.9 - 4.9

Bilirubin 3.9 mg % 4.16 4.15 4.14 3.5 - 4.6
1.3 mg % 1.78 1.80 1.77 1.5 - 2.1 1

Cholesterol 175.0 mg % 161.4 161.0 162.0 145 - 175
100.0 mg % 109.8 109.4 111.0 98 - 120 .

Ca 15.7 meq/1 15.4 15.4 15.3 14.1 - 16.4
9.5 meq/1 9.8 9.8 9.8 9.2 - 10.3

Na 156.0 meq/k 155.8 136.0 155.5 153 - 158

K 7.3 meq/1 7.5 7.5 7.5 7.3 - 7.7

Cl 96.0 meq/i 97.8 98.0 97.5 96 - 101 11
78.0 meq/1 79.4 79.0 80.0 77 - 83

Mg 1.0 meq/k 1.1 1.1 1.2 0.9 - 1.4
1.9 meq/P 2.0 2.0 2.1 1.8 - 2.3

a/ To date, we have received unknowns for phosphorus, uric acid, and serum A
iron. We do not routinely perform these determinations.

b/ Based on values submitted by participants by 10th of month. WI,
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TABLE F

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE RHESUS MONKEYS-/

Organ Welht Mean ± S.D. Range

Liver (gm) 82 ± 17 64 - 122
Spleen (gm) 4.6 ± 1.8 2.0 - 9.3
Kidneys (gm) 15.1 ± 3.8 8.0 - 22.0
Adrenals (gSi) 0.73 ± 0.15 0.43 - 0.86
Thyroids (gim) 0.57 t 1.30 0.37 - 0.81
Testes (Sn) 1.29 t 0.67 0.53 - 3.30

Relative (per kg body weight)
Mean t S.D. B__e.

Liver (gim) 23.4 1 2.5 18.8 - 30.4

Kidneys (gSi) 4.13 1 0.92 2.20 - 6.43

Adrenals (mg) 201 t 44 129 - 254
Thyroids (mug) 154 ± 42 86 - 250
Testes (gim) 0.34 ± 0.11 0.18 - 0.53

a/ Data collected between September 1971 and December 1976 from 17
monkeys weighing 3.71 ±0.48 kg, used as control animals.
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TABLE G

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE RHESUS MONKEYS&-/

Absolute

Organ Weight Mean ± S.D. Range

Liver (gm) 83 ± 17 64 - 122
Spleen (gm) 3.8 ± 1.4 2.0 - 6.0
Kidneys (gin) 14.5 ± 2.8 11.0 - 20.0
Adrenals (gm) 0.68 ± 0.16 0.53 - 1.14
Thyroids (gm) 0.60 t 0.20 0.37 - 1.11
Ovaries (gm) 0.28 ±'0.10 0.14 - 0.45

Relative (per kgz body wejight)

Mean ± S.D. Mute

Liver (gin) 25.4 ± 5.8 19.2 - 37.4
Spleen (gm) 1.16 ± 0.49 0.60 - 1.89
Kidneys (gm) 4.40 ± 0.86 3.20 - 6.25
Adrenals (mg) 212 ± 80 138 - 438
Thyroids (mg) 173 ± 66 97 - 346
Ovaries (mg) 82 ± 28 43 - 140

a/ Data collected between September 1971 and December 1976 from 11
monkeys weighing 3.39 ± 0.58 kg, used as controls.
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TABLE J

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE BEAGLE DOS1/

Absolute
Organ Weight Mean ± S.D. Range

LIver (&nm) 264 ± 51 166 - 384
Spleen (gm) 58 ± 25 22 - 167
Kidneys (gm) 53 ± 10 32 - 71
Adrenals (gm) 1.12 ± 0.26 0.74 - 1.75
Thyroids (gin) 1.03 ± 0.32 0.55 - 2.50
Testes (gm) 6.60 ± 4.56 1.32 - 18.00

Relative (per kg body weight)
Mean ± S.D.

Liver (gin) 27.9 ± 4.2 19.6 - 42.3
Spleen (gin) 6.0 ± 2.0 2.8 - 12.5
Kidneys (gm) 5.6 ± 0.8 4.0 - 7.7

Adrenals (mg) 117 ± 25 70 - 165
Thyroids (mg) 108 ± 34 56 - 211
Testes (gm) 0.67 ± 0.39 0.13 - 1.67
a/ Data collected between September 1971 and December 1976 from 51 dogs,

weighing 9.3 ± 1.8 kg, used as control animals.
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TABLE K

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF FEMALE BEAGLE DOGSa/

Absolute
Organ Weight Mean t S.D. Range

Liver (gm) 218 ± 51 106 - 322
Spleen (gm) 48 t 21 16- 103
Kidneys (gm) 43 ± 9 24 - 71
Adrenals (gm) 1.04 ± 0.26 0.149 - 1.65
Thyroids (gm) 0.88 ± 0.25 0.55 - 1.91
Ovaries (gm) 0.74 ± 0.24 0.38 - 1.27

Relative (per kg body weight)

Mean ± S.D.Rag

Liver (gi) 28.2 t 5.0 20.7 - 38.8
Spleen (gin) 6.0 ± 2.3 3.1 - 10.9
Kidneys (gm) 5.5 ± 0.9 3.7 - 7.9
Adrenals (mg) 135 ± 35 67 - 215
Thyroids (mg) 112 ± 31 75 - 219
Ovaries (mg) 96 t 33 54 - 222

a/ Data collected between September 1971 and December 1976 from 49 dogs,
weighing 7.7 ± 1.5 kg, used as control animals.

248

... !



I WI • * 00t.O 9- 4%O *0 O%%OC V)• €L 4

%C 000Ch0. 0

co ý÷'l- %D,+ + +, ,+ +, , ,+ . 2,+ M,. ., , .P , ,4

i ýi Ln "4 -4 .4 md r - N,. &I• N4. cis• %a, .4, N'i N• r -l• C~ i r-j

* 9-

r4 N :n P C; %D

19~ N 
9 HH ~ ~ tf

+1+ +1 +1++1 1 +1+1 +1 +1. +1 +1 1 ++ +1 +1+1+1+1+4.1 + +1 + 1

000M ý" HH 0 ! 10 1 -1 99.90% .0 .%' 100 - 9 .

I -.

g o

l0'i
S 2494

-N N IN f

o N NNNN N N N N M N N -r l r.f- %

cc M c 00' "4 do I-4 .4 At-r4 00! o 0

%C %DC U %D 0 ko .0 r

,l. ... *4 -M k n



TABLE M

ABSOLUTE AND RELATIVE ORGAN WEIGHTS OF MALE ALBINO RATS-/

Absolute
Organ Weight Mean ± S.D. Ranse

Liver (gin) 10.89 1 2.87 7.18 - 15.09
Spleen (gm) 0.65 ± 0.11 0.34 - 0.89
Kidneys (gm) 2.64 ± 0.37 1.84 - 3.58
Adrenals (mg) 63.6 t 9.5 21.9 - 73.5
Thyroids (mng) 26.3 ± 5.8 14.3 - 37.7
Testes (gin) 2.98 ± 0.51 1.76 - 3.81

.Relative (per 100 gm body weight)
Mean t S.D. Range

Liver (gm) 2.96 ± 0.42 2.09 - 4,01
Spleen (gm) 0.19 ± 0.08 0.10 - 0.30
Kidneys (Sm) 0.76 . 0.10 0.22 - 0.88
Adrenals (mg) 18.6 ± 5.8 5.8 - 22.4
Thyroid. (mg) 7.6 1 2.7 4.2 - 12.7
Testes (gin) 0.87 ± 0.15 0.23 - 1.09

a/ Data collected between September 1971 and December 1976 from 139 rats,
weighing 352 -+59 gm, used as control animals.
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TABLE 0

PRESENCE OF OCCULT BLOOD IN THE FECES OF MALE
AND FEMALE MONKEYS AND DOGS

Species:' Monkeys Dogs
No. of Animals: 44 W 8 11-% 30

No. of Collections: 44 48k/ 11___8 15_./

Occult Blood: Negative 90.9 (40)S/ 95.8 (46) 94.1 (111) 91.7 (143)

Positive 9.1 (4) 4.2 (2) 5.9 (7) 8.3 (13)

a/ Baseline data collected from all animals employed between July 1974 and
December 1976.

b/ Data collected at weekly intervals for 4-7 collections from controls
employed between July 1974 and December 1976.

c/ Percent of total (number of samples).

H

252[1

T-..



I L

'it

t25.

.AP...DI. . .

""sTUDY oF DEVELOPIEN TOXICTY

Ii. RobJtD Shr, Jr.no

]i Cheng-Chuu Lee

?4idveut Research Ins~tiute

I-i June 1975

Ii

!!

I I

I1*!.



TABLE OF CONTENTS

1. Introduction .. . . . .,

II. Protocol for Study of Developmental Toxicity ..... . . . . .

A. Fertility and General Reproductive Performance Study...

1. Objectives.. .. ....... . ... . . .. .. .. .. ..

2. Method. .. .. ............ . . . .. . ..

I L

B. Teratology Study....... ... . . ... ... .. .. .. .. .. .. .3

1. Objectives. ... .......... . . . . . . . . . 3

2.* Method .. .. ............ . . . . . . . . . .. . 3

C. Perinatal and Postnatal Study . .. .. .. .. .. .. .. 4

1. Objectives .. .. ....... . ........ ............ . . 4
2. Method . . . . . . . .. .. .. .. .. .. .. .. 5

III. Statistical Analysis of Data . . . . . . . . . . . . .. . . . . . 5

IV. Interpretation of Data. . . .. .. .. .. ... . . . . 6

A. Phases of Potal Development......... . . . 6
B. Fertility and General Reproductive Performance Study. . 7

IC. Tersatlogy Study ... . . . . . . .. .. .. . .. . . . 8

D. Perinetal and Postnatal S tudy .. .. ........ .............. 8

V . Discussion of Study Protocol .. .. ......... ........ . . . . . g

A. Problems Conducting Protocol . . . . . . . .. .. .. . .9

1.. Selection of Test Animal. . . . . . 9
2. Selection of Dosage .. .. ........ ......... . ......

13. Determination of Food Consumption .. .. .. .. . 11

B. Problems Interpreting Data . . . . . . . . .. .. .. ... 11

255

K _____ ___



TABLE OF CONTENTS (Concluded)

II
VI. Terminology of Anomalies ..... ....................... 12

A. Gross Anomalies . ...................... ................. 12

1. General ..................... 12
2. Head .. .. .. ................ ......... . . . . .12
3. Trunk. .. .. ....... . . .. .. ............. . . . .. 13
4. Extremities . . . . ............. .. ......... ...... 13

B. Soft Tissue Anomalies . . . . . . . . . . . . . . ........ 14

1. Head. . . . ... . . ........ ..... ...... ............. 14
2. N•eck and Thorax ................... . 14
3. Abdominal Cavity . . . . . . .. . . .. . . . . . 14

C. Skeletal Anomalies ........ ................ . . 15

1. Headd. . . . . . . ........ . ... . . ............. ...... 15

2. Trunk..................... . . . . . . . .... .. 15
3. Extremities. . .............. , . * 16'

References ........... ..................................... ..... 17 .

2i,

' ~256,

.....



L

STUDY OF DEVELOPMENTAL TOXICITY

I. INTRODUCTION

The thalidomide catastrophe provides an unfortunate example of
the need for reliable information concerning the effects of a&ents on human

development. Prospective and retrospective epidemiological studies are the

only ethical procedures currently available to obtain this information in

humans. There are, however, a variety of protocols available to obtain pro-

liminary aevelopmental toxicity information in animals. This preliminiary

animal information can be used to form the basis from which it is possible

to evaluate the risk of expoing the human population to potentially toxic

agents.

The purpose of this manual is to describe the protocol used in
our laboratory to obtain developmental toxicity information. Sections,

in addition, are included which discuss both the statistical analysis and
interpretation of the data. A working definition of comnmon anomalies is
presented. These studies are based on "The Guidelines for Reproduction
Studies for Safety Evaluation of Drugs for Human Use" distributed by the
U.S. Food and Drug Administration, 1966, and "The Testing of Chemicals

for Carcinogenicity, Mutagenicity, and Teratogenicity" distributc:d by the

Ministry of Health and Welfare, Canada, 1973.

II. PROTOCOL FOlk STUDY OF DEVELOPMENTAL TOXICITY

A. Fertility and General Reproductive Performance Study

1. Obiectives

The emphasis in this phase is placed on determining the effect of

an agent on gonadal function, estrus cycle, au ing behavior, conception

rates, and the early stages of development. ,I.i,s study serves aa an overall

pilot screening of the agent on the entire reproductive process including

organogenesis, late stages of gestation, parturition, and lactation. The
results obtained from this phase serve as a guide for conducting subsequent
studies in greater depth.

2. Method

The rat is the animal generally used for this study and both males
and females are used to provide an adequate study of fertility. Male rats,
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at least 40 days of age, are treated for 60 to 80 days prior to mating
to determine if the agent affects spermatogenesis. Male animals ftom
subacute or chronic toxicity studies may be used and each male, from a group
of at least 10 animals, is bred with two non'-treated females. Each male is
exposed overnight to females in proestrus or early estrus until (1).a male

mates with two females or (2) a male is exposed, on at least three different

occasions, to a total of at least five receptive females. A female is con-

sidered receptive if there is an estrousvaginal smear the morning following

exposure. This procedure minimizes attributing male infertility to sexual

inexperience.

Sexually mature female rats are treated for at least 14 days prior
to mating with untreated males. The stages of the estrous cycle are determined

by vaginal smears to verify that the animals cycle normally and to detect pos-

sible treatment effects on the duration of the estrous cycle. The occurrence of

copulation is established by daily vaginal inspection for the presence of
sperm. The day on which evidence of copulation is discovered is identified
as being day 0 of gestation. Confirmation of pregnancy, however, is not
obtained until the animal is sacrificed on day 13 of gestation or delivers
a litter at the end of gestatJon. Females treated prior to mating are

continued on the same treatment schedule until the time of sacrifice.

Ralf of the females from each group are sacrificed on day 13 of

gestation. The dams are examined for number of corpora lute& and implan-

tation sites, number and distribution of embryos in each uterine horn, pr.-

sence of empty implantation sites, embryos undergoing resorption, and any

abnormal conditions. The following parameters are determined:

a. Number of viable litters (litters with one or more
vieble implants)

b. Corpora lutea/dam•

c. Total implants/dam
d. Viable implants/dam

e. Indexes of
(1) Fertility: confirmed pregnancies/sperm positive

females
(2) Gestation: confirmed pregnancies with viable

fetuses/confirmed pregnancies
(3) Implantation: implants/corpora luteas

(4) Implant viability: viable fetuses/implants

The remaining dams are allowed to deliver and the litters are examined at

birth, day 4, and day 21. The litters are examined for number, weight,

mortality, and abnormalities of the pups. The following parameters are

determined:
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~1 I a. Number of viable littirs (littors with one or more
viable Pups)

b. Pups/dam
c. Weight of pups
d. indexes of

(1.) Fertility: confirmed pregnancies/sperm positive
Ii ~fema~les

(2) G~estation, confirmed pregnancies with viable
featuses/confirmed pregnancies

(3) Implant viability: viable pups/implants
(4) Viability: pups Alive at d~y 4/pups alive at birth
(5) Lactation: pups alive at day 21/pups Alive at

day 4

B. Teratology Study

potntil fr poduingembryotoxicity and/or terstogenicity. Treatment,
theefreisrestricted to the period of organogenesis. Dosage may be

high during this brief treatment period in order to obtain results con-

cernin$ teratogenic potential and risk.

2. Method

K Two specie. of animals are employed in this test. The species most
frequently used are the mouse, rat, and rabbit. Drug treatment covers the

and rat and day 6 through 18 for the rabbit.

Sexullymature virgin mice are obtained from reputable suppliers
adconditioned in our animal quarte:s for 10 days. The condttioning period

permits the animals to stabilize and establish ragular estrus cycles of 4 to
5 days in duration. Females are placed overnight with a non-treated proven
male breeder and examined the next morning for evidence of copulation.

Successful mating is identified by the presence of a vaginal copulatory plug.
The d4y that plugs are discovered is identified as day 0 of gestation. Mice
or* sacrificed onk day 18 of gestation for fetal examination.

Sexually mature virgin female rats are obtained and conditioned as
previously described for mice. Females are examined by vaginal lavage late
in the afternoon for signs of proestrus (75-90% of nucleated apithlial cells).
Females in proestrus are placed overnight with an experienced male. The
following morning, females are examined for sperm or the presence of a vaginali
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plug. The plug, howe-er, is not as reliable an indicator of successful

mating in rats as it is in mice. Rats are sacrificed on day 20 of gestation
and examined for fetal anomalies.

Virgin female rabbits, 6 to 8 montb3 of age, are obtained from com-
mercial sources and are conditioned for 18 days in our animal quarters.
Ovulation is induced by the intravenous administration of I mg/kg pituitary
lutenizing hormone. Females are artificially inseminated within 1 hour by
the method of Gibson, st al.I/ Fetuses are delivered by cesarean section
on days 27 to 28 of pregnancy and examinid for anomalies.

Mouse, rat and rabbit dams are sacrificed by CO2 anesthesia prior

to delivery since many animals tend to cannabilize their defective offspring.
A laparotomy is performed and the uterine horns are exposed. The number of
corpora lutea and number and position of live, dead, and resorbed fetuses is
recorded. The umbilical cord is clamped and severed distally in order to
prevent blood loss. Fetuses are removed, weighed and immediately examined
by experienced personel for external anomalies as fully described by Wilson.-/

One-half of the rodent fetuses from each litter are dissected and
examined for soft tissue anomalies by the free-hand slicing method of Wilson.,/
Each fetus is fixed in 20 to 25 ml of Bouins fluid for 2 weeks. The hardened
fetuses are examined for external anomalies and serially cut from the head
through the trunk into 1 mm thick sections using a sharp razor blade. No
slices are made beyond the kidneys and the intestines are carefully removed
from the pelvic cavity. The cross sections of th. fetuses and the genito-
urinary organs on the pelvic floor are carefully examined by experienced per-
sonnel. The remaining fetuses from each litter are processed for skeletal
examination. Fetuses are fixed in 70% alcohol for ? weeks and eviscerated.
The fetuses are stored in 1% KOH for 2 days and then stained with alizarin
red.-I/ After differential decolorization, the skeletons are examined by
experienced personnel for anomalies. For rabbits, all fetuses are examined
for both soft tissue and skeletal defects.

C. Perinatal and Postnatal Study

1. Obiectives

The purpose of this phase of .n protocol is to determine the effect
of drugr administered during the last third of pregnancy and the period of
lactation. The specific areas of study are the drug effects on late fetal
development, labor and delivery, lactation, neonatal viability, aud growth of
the newborn.
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2. Method

if The conditioning, mating, and establishment of pregnancy in rats and

LI .. mice are as previously described. The drug is administered to the dam during
the final one-third of gestation and continued throughout lactation to wean-

ing. The 4est compound is incorporated into the didt and a pair-fed control
group, whose food intake is limited to the least amount of food consumed by
the treated group, is included in the study. Treatment in rats and mice is
initiated or, day 16 of gestatio.n and continued until the pups are weaned at
21 days of age. Labor and delivery are observed whenever possible and any
signs of abnormal, prolonged, or delayed labor arQ carefully noted. The
duration of gestation is calculated for each mother in all groups. The lit-
ters are examined as soon as possible after delivery, and at 4 and 21 days of

age. The examination of the pups is conducted with a minimum disturbance of
the mother. The following information is recorded for all the litters in
each group:

a. Litter size

b. Number of stillborn and live born

c. Anomalies of dead and live pups
d. Number and weight of pups at 4 and 21 days of age
e. indexes of

(1) Fartility: confirmed pregnancies/sperm positive
females

(2) Gestation: confirmed pregnancies with viable
fetuses/confirmed pregnanciesI (3) Viability: pups alive at day 4/pups alive at birth

(4) Lactation: pups alive at day 21/pup alive at day 4

K.I'. STATISTICAL ANALYSIS OF DATA

Two important considerations in performing a valid statistical
analysis are the determination of the sample size and the selection of
appropriate scatiscical tests. In a study of developmental toxicity
the sample size is determined by the selection of experimental units. The
litter, rather than individual fetuses, is considered to be the unit of
observation for our studies since the dam is the unit of treatment and the
fetal response is dependent, to some degree, on maternal influences.

The data collected fall into two categories. The first category
is enumeration or discontinuous data. Examples of discontinuous date are
the number of sperm positive animals with evidence of conception, mortality,
and indexes of fertility and g~estation. The Fisher Exact Probability Test-4/
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is the test of choice to evaluate the significance. Such enumeration data
are reported with the exact 95% confidence limits.

The second category is quantitative or continuous data. Examples
of continuous data are body weight, food consumption, and the remaining in.
dexes. Such quantitative data are reported as the mean : the standard error
(S.E.). These data are analyzed by Bartlett's testl/for homogeneity. The
tests of significance for homogeneous data are either Dunnett's procedure L
(one control group) or Tukey's omega procedure (more than one control group).
If heterogeneity is indicated, then significance is based on multiple com-
parisons with the nonparametric rank test.A/ The level of significance is
selected as P < 0.05.

IV. INTERPRETATION OF DATA

A. Phases of Petal Development

The development of an adult organism from a single cell may be
divided into six phases.!/ The first phase of development, Sametogenesis,
involves the growth and maturation of the egg and sperm. The gametes fuse
during the second phase of development and the quiescent egg is activated to
continue its developmental program. Cleavage, the third phase of development,

encompasses a period of rapid cell division without a significant change inembryonic size or cellular differentiation. The embryo, at the and of cleav-

age, is referred to as a blastula and consists of a layer of cells, the
blastoderm, surrounding a cavity, the blistocoele. The embryo attaches to
the uterine wall and begins the process of placentation at the blastula
stage. Gastrulation is the fourth developmental phase and involves the forms-
tion of germinal layers from the blastoderm. Primary organ rudiments are
derived from the germinal layers during organogenesis, the fifth phase of
development. The sixth phase of development is a period of growth and histo-
logical differentiation. The organ rudiments grow during this period and
acquire the structure and biochemical properties characteristic of adult
tissues. Organs grow by increasing both the number and size of calls. Tis-
sue specific characteristics are established by a differential expression
of the genetic information.

Treatments may affect the various phases of both animal and human
development. The protocol used in our laboratory is designed to determine
the developmental toxicity of a treatment in laboratory animals. The various
parameters used to measure developmental toxicity help to determine if an
agent affects any of the six developmental phases previously described.
Since it is not practical to study each phase of development separately, the

: various phases are combined into periods of study. The units of study are

the pre-implantation period (phases-l-3), post-implantation period (phases

3-5), and the period of differentiation (phase 6).
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Thm dam and developing animal represent an integrated unit during
the time of treatment. Effects which are observed in the developing animal,
therefore, may be due to toxicity of the treatment in either the dam or
developing anLimal. As development progresses it becomes more difficult to
attribute an effect to a single period of study or treatment.

-2 B. Fertility and General Reproductive Performance Study

The fertility and general reproductive performance study involves
treating females during all six phases of development and treating males
only during the period of gametogenesis. The effect of the treatment in
females is studied at mid-gestation and after delivery. Males, on the other

-- hand, are mated with normal females and treatment effects are studied in
these females at mid-gestation and after delivery.

- Some females are examined at mid-gestation and the various para-
meters previously described are recorded. The number of corpora lutes are
counted by gross inspection and this value provides a measure of the ova
released during ovulation. The number of implantations is used as a measure
of the fertilized ova that developed to a stage where an attachment to the
uterine wall is obvious at the time of inspection. The observations are
summarized in the form of indexes, The fertility index is the percentage of
mated females that are pregnant. A reduction i 'n this index reflects pro-

I ' implantation losses. The implantation index is the percentage of ova that
implant and it also provides a measure of pre-implantation losses. The
implant viability index is the percentage of implants which appear normal at
the time of examination. A reduction in this index serves as an indication
of post-implantation losses, The gestation index is the percentage of pregnant

females with one or more viable embryos and provides a measure ot post-
• I implantation survival.

Some females are examined after birth and the growth and develop-
ment of the pups is recorded as previously described. Effects observed at
this time may have been produced at any of the six developmental phasts.
The observations are summarized in the form of indexes. The fertility Index
provides a measure of pro-implantation losses. The Sestation and implant
viability indexes calculated on the basis of pups rather than embryos, pro-
vide an indication of post-implantation losses. The viability index is the

percentage of live-born pups which survive to-day 4. A reduction in this index
reflects an effect at the post-implantation or differentation period since
normal pups can survive for brief periods without maternal care. The Lac-
tation index is the percentage of pups alive on day 4 which survive to day 21
and is a measure of effects occuring during the period of treatment. A
reduction in this index reflects an impaired ability of the mother to nour-
ish the young, the passage of toxic material to the young through the milk,
and/or the manifestation of a developmental defect,
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Effects observed at the mid-gestation or postnatal examination in
females mated with treated males are indicative of toxicity produced during
spermatogenesis, the first phase of development. Abnormalities in sperm
may be manifested at any of the developmental stages beginning with fertili-
zation. The previously described parameters are used to identify these
effects.

C. Teratology Study

The teratology study involves treating pregnant females during the

period of organogenesis and observing fetuses prior to term in order to
identify possible effects on development. Treatment of rodents from day 6

through 15 of gestation roughly corresponds to developmental stages 3 to 5
which are in the post-implantation pericd. Tf evidence of toxicity is
observed during fetal examination, then a primary effect was produced at
any of these stages. The primary effect may be compounded into a sezxies
of secondary effects as development progresses,

Malformations may fall into three groups.a-" The first group is

common variations and includes retarded ossifications, The second group
is minor anomalies and refers to effects such as malformed sternabrae,
wavy ribs, and supernumerary ribs. The third group is major malformations
and includes anomalies which seriously affect the growth and survival of
the offspring. Malformations are not equally significant or useful in

interpreting or extrapolating animal experimental studies to man. Anomalies
such as supernumerary ribs and decreased or abnormal sternal ossification
patterns, for example, might be of little importance both to the animal and

to attempts at predicting toxicity in humans. Malformations of doubtful
significance include curly tail, straight legs, malrotated limbs and paws,
wrist drop, protruding tongue, enlarged atria and/or ventricles, abnormal

renal pelvic development and translucent skin.

The defects are reported as an anomaly index. The percent of the
fetuses with a given defect is calculated for each litter and these values
are then averaged and presented as the mean t standard error (S.E.). The mean
value provides a measure of the affected fetuses per litter for the group
and the standard error provideu an estimation of the distribution of the
effect between litters within the group.

______________________________ii

D. Perinatal and Postnatal Study

This study involves treating the dam during both the later portion

of developmental phase 5 and most of phase 6, The growth and development of
the pups is observed to monitor possible developmental toxicity. The various j
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indexes which are used to summarize these observations are discussed above
_in the section on Interpretation of the Fertility and moneral Roprodictive

Performance Study.

V. DISCUSSION OF PROTOCOL

A variety of experimental protocols are available to obtain infor-
mation concerning the effects of agents on reproduction and development. An
aim of these animal studies is to provide information concerning the risk
of exposing the human population to chemical agents. The procedure used in
our laboratory to obtain this information complies with the FDA guidelines
for general reproduction, teratology, and perinatal and postnatal studies.
There are problems associated with conducting and evaluating the results.

A. Problems Conductins Protocol

1.. Selection of Test Animal

* The ideal test animal should (1) absorb, metabolize and eliminate
* the test substance the same way-as humans, (2) transmit the substance and

its metabolites to the developing animal at the same rate as humans, and
(3) have embryos, fetuses, and neonates with the same development schedules
and metabolic pathways as the developing human. The existing comparative
data is insufficient to determine which animal species is most like man in

L_ any of these characteristics. The currently available information, however,
indicates that no presently used species, including simian primates, is like
man in all of these respects.-2 / The degree of similarity to man that a given
species exhibits may vary from one test substance to another, The above
criteria for an ideal test animal should be considered, as far as the avail-
able information permits, in the selection of test species. The advantages
and disadvantages of species commonly used for these tests are:

a. House: The mouse is inexpensive to maintain in large

breeding colonies and its embryology is wall documented. Small size with
a limited supply of tissues and body fluids is a disadvantage in the examina-
tion of fetuses for defects and in studies on absorption, metabolism, and
excretion of chemical agents. Mice respond to some substances that have
limited terstogenicity in other an0als and have earned the reputation for
unusual sensitivity to teratosens.-

b. Rat: The rat has a convenient size for evaluation and
analytical purposes, high fecundity, and a low incidence oZ spontaneous

malformutions. There is, however, no adequate single source of information
on rat embryology, although this information is covered in numerous research
papers.
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oa Rabbit: The large size of this species permits the col-
lection of large amounts of body fluids and tissues for analysis. Disease
and parasites present obstacles to high reproductive performance in some

laboratories and good stocks of rabbits are not universally available. The

embryology is not fully documented for rabbits but is adequate for most pur-

poses. Since this species was among the first animals to respond terstogent-

cally to thalidomide, rabbits have been credited with greater similarity in

terstogenic sensitivity to man than is warranted. There is no reason to re-

Sard the rabbit rather than the various species of rodents, which are their

close relatives, as a mor .velid test animal for evaluating the teratogenic
risk of agents in humans.-

2. Selection of Dosage .

Problems associated with selecting the dosage are the route, amount
and duration of treatment. The practice of administering test substances
to animals by the same route that will be used clinically is sound. If

animals are treated orally for a short period of time, as in teratology
studies, then gastric gavage is preferred to incorporating the agent into

the diet. A stomach tube permits the accurate administration of a doese
and eliminates the variables of food wastage and possible chemical change

i ~ as a result of exposure to air, light, and other dietary ingredients. Pro-

longed treatment ofanimals by gastric gavage is not practical, however,
i ~~due to the increased risk of trauma and expense associated with daily animal ; )

treatments. Agents incorporated into an animal's diet may alter the nor-

mal food intake as a result of an effect on appetite or a disagreeable odor
or smell. Pair feeding, therefore, is required to determine the effect of

reduced oeed consumption on growth and development.

The dose levels should include a dose which produces maternal toxi-
city. The rationale for selecting this dose is to ensure that a maternal

response is produced. Maternal toxicity may be measured in terms of letha-

lity, weight loss or any other parameter that is related to treatment. If
development is disrupted at doses which produce maternal toxicity, then

lower doses should be studied in order to identify a dose below which no

effect is observed on development. The identification of a dose which pro-
duces neither adult nor developmental toxicity is of value in estimating

a safe dose for humans.

Animals are treated throughout various phases of development in

this protocol to determine the effect of the agent on development. A

treatment schedule which involves prolonged drug exposure presents three

basic problems which affect the actual level of drug exposure and the detec-
tion of developmental toxicity. First, prolonged drug exposure may increase
the activity of the drug metabolizing enzymes which are responsible for the

biotransformation of chemicals. The metabolism of the test compound, there-

fore, is increased; maternal blood levels of the parent compound are decreased;
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and maternal exposure to metabolites may be increased. Second, prolonged
* ,drug exposure may produce liver and/or kidney damage. A reduction in the

functional capability of the liver reduces the bioctransfotmation of the test
compound while impaired kidney function may reduce the elimination of the

drug from the body. Third, if a compound is administered during the early

portion of gestation, then implantation and early embryonic survival may
be impaired. The presence of small litter size and a high degree of re-
sorption prevents the detection of teratogenic effects.

The length of gestation in most experimental animals is short

compared to that of humans. Treating experimental animals during gests-

tion may not produce tissue levels which could occur from more prolonged
drug exposure as in human pregnancy. This difficulty can, in some cases,

be overcome by increasing the dose, but problems may arise if the drug is

poorly absorbed or degraded prior to absorption.

3. Determination of Feed Consumption

Animals may be treated during developmental toxicity studies by

incorporating the test compound(s) into their diet. The compounds may
represent either a fixed or variable percent of the diet. Since feed con-

sumption varies during gestation and lactation, it is advisable to admini-

star the drug as a variable percent of the diet in order to administer a

constant amount of drug. The drug intake can be calculated from the per-
cent of the drug in the diet and the amount of feed consumed. Thus, an
accurate estimation of feed intake is imperative.

Accurate measurement of feed intake in laboratory animals, es-

- pecially in rodents, is difficult due to spillage. Feed can be given to

rats in stainless steel diet feedErs (Model HB-69, Hoeltge, Cincinnati,

Ohio) and to mice in stainless steel compartment feeders (Lab Products Inc.,
Garfield, New Jersey) which are designed to eliminate spillage. In most
cases, these feeders are spill-proof; however, animals occasionally ac-
quire the necessary skill to defeat the feeder. When feed consumption is
high and the spillage can be measured, then the true feed consumption is
calculated. If, on the other hand, the spillage can not be reasonably
estimated, the result is omitted.

B. Problems Interpreting the Data

The ultimate goal of testing drugs in animals in to obtain infor-

mation for making predictive statements concerning a drug's effect in humans.
There are problems inherent to animal experiments, particularly in reproduc-

tion and teratology studies which make this extrapolation especially diffi-

cult. After the data from a developmental toxicity study have been collected
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and analyzed statistically, it is necessary to determine both the signifi-
cance of defects on normal adult animals and the relevance of the defects
to humans.

When developing animals are e'xnmined at various times after treat-

ment, evidence of deviant development, as demonstrated by growth retardation,
malformations, intrauterine death and functional defects, may be apparent.
These observations, however, do not provide information concerning the con-
sequences of these effects in the adult. Growth retardation, for example,
may be present in fetuses during a teratology study but may be absent in
the adult as a result of maturation and compensatory growth processes. A
delayed ossification of bones and the presence of extra ribs are examples
of defects which may be corrected during growth or present a problem of
questionable significance to the adult. The relevance of these defects to
normal growth are, in some cases, difficult to assess experimentally.

The variation between species in response to agents presents the

major obstacle to achieving the ultimate goal of any drug testing program.
These unique responses of species to agents may be due to metabolic andphrmcoinoi fc:s I01 c
pharmacokinetic factrs.-L The complexity of the animal system and degree
of interspecies variability increases during development as a result of the
formation of a placenta and its influence on drug transport, and a changing
embryonic sensitivity to drugs. The ability to demonstrate developmental
toxicity, therefore, depends on biotransformation of the drug by the mother.

placenta, or embryo; pharmacokinetic properties of the drug in the mother
and embryo; and embryonic sensitivity at the time of treatment.

V1. .TERMINOLOGY OF ANOMALIES

A. Gross Anomalies

1. General .

edematous - abnormal accumulation of clear fluid under the skin
hematoma - a localized mass of extravasated blood that is rela-

tively or completely confined within an organ or tissue: not
as a result of cesarean section handling

immature skin - skin is sticky with a shiny appearance

2. Head

anophthalmia - absence of one or both eyes
brachygnathia - abnormal shortness or recession of the mandibles
cranium, domed - excessively domed cranium suggestive of hydro-

cephalus
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exencephalus - skull defective, the brain is exposed or extruded

' \ eye, open - eyeball exposed with lids absent or withdrawn
Slip, cleft - fissure in the lip, usually causing conjunction

of nasal passage and mouth
meningocele - skin intact, translucent, and elevated by a

fluid filled vesicle of meninges which protrude through a
midline defect in the cranium

- •mningoencephalocele - meninges and part of brain protruding
through a cranial defect to cause an irregular mass beneath
the skin

microphthalmia - small or rudimentary eyes
palate, cleft - fissure in hard palate, due to a failure of

the palatine shelves to unite
platycephaly - flatness of the skull

3. Trunk

anus, closed - (imperforate anus) anus closed by a membrane
so as to prevent the normal passage of intestinal contents

igastroschisis - protrusion of intestines and other abdominal
viscera through a ventral midline defect

kyphosis - convexity backward, dorsal-ventral curvature of

the spine
myelomeningocele - absence of the vertebral aruhes through

which the spinal cord and its membranes protritde, denoted
by a bubble-like bulge along the dorsal midline

rhachischist.4 - congenital fissure of the spinal column with
failure of the' skin and vertebral column to close

spinea biida - absence of the vertebral arches through which
the spinal membranes, with or without the spinal-cord tissue,

protrtide, denoted by a raw, usually bloody depression
umbilical hernia - protrusion of intestines through a small

ventral midline defect

4. Extremities

acaudate - no tail
adactyly - absence of digits

club foot - abnormal flexion of cte foot
micromelia - rudimentary limbs
oligodactyly - fewer than five digits

polydactyly - more than five digits
9yndactyly - fused or webbed digits
tail, short - tail is less than half the normal length

1-
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MIDWEST RESEARCH INSTITUTE
Contract No. DAMD17-74-C-4073

18 November 1974

CH-Data on: 2,4-Dinitrotoluene , N02

Submitted by: James Dilley

2.

Supplier: K & K Laboratories
Lot No.: 2,4-DNT-I

1. Zdentity

A. Capillary Heltinit Point

Observed - 70-72.5'
Reported-./ - 710

B. Spectra

1. Infrared: The IR spectrum (KBr wafer) of the sample was
compatible with the compounds structure and identical to the reported
spectrumwn,/

2. Nuclear Magnetic Resonance: The NMR spectrum (solvent CDC1 3 )
of the sample was compa ible with the compound's structure and identical to
the reported spectrum.3/

3. Ultraviolet: The sample in cyclohexane exhibited the same
absorption maximum (233 nm) as in the reported spectrum.-4/

1/ Handbook of Chemistry and Physics, 50th edition, p. C-518.
2/ Sadtler Standard Spectra. Infrared No. 175.
3/ Sadtler Standard Spectra. NMR No. 3229.
4/ Sadtler Standard Spectra. UV No. 2550.
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11. Assay

A. Elemental Analysis

Element C H N

% calculated 46.11 3.30 15.37

% observed 46.36 3.32 15.32

B. Thin-Layer Chromatography

1. Plate: Brinkmann silica gel NF

2. Solvent System: ethyl acetate/petrolet= ether (15:85)

3. Mater.. i l sj..tted: 100 pg Lot 2,4-DNT-1
10 yZ 2,3-dinitrotoluene
10 pS 2,5-dinitrotoluene

10 pg 2,6-dinitrotoluene
10 pS 3,4-dinitrotoluene
10 US 3,5-dLaitrotoluene

4. Detection: 57 diphenylamine in ethanol spray

5. Results: Lot 2,4-DNT-1 moved as a single spot with a Rf - 0.52.

C. Gas Chromatogra•hIy

The sample was studied using the following system:

Gas chromatograph: Varian 200

Detector: Flame ionization

Column: 6 ft x 1/8 in., aluminum
1.57 DC LSX-3-0295
1.5% GE XE-60
on Gas chrom Q

injector TV: 150'

Column T?: 150'

Detector r*: 2000

Flow rate: 40 cc N2 /min
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This work indicated 2 , 6 -dinitrotoluene as an impurity in a con-
centration of I. 7%.

III. Conclusions U
Lot 2,4-DNT-1 contains 9 87'2,4-dinitrotoluene and about 2%2 , 6-dinitrotoluene.

MIDWEST RESEARCH INSTITUTE

Sandra Reich
Assistant Chemist

Nita West
Assistant Chemist

Mike Harris

Assistant Chemist

Approved:

Danny 0. Helton
Associate Chemist
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MIDWEST RESEARCH INSTITUTE
\ Contract No. DAMD17-74-C-4073

12 June 1975

," 3

Data on: 2,4-Dinitrotoluene NO2

Submitted by: James Dilley

Supplier: K & X Laboratories
Lot No.: 2,4-DNT-3

; ! I. Identity.

A. Capillary Malting Point

Observed - 67 to 70*
Reported1/ - 71

B. Spectra

1. Infrared: The IR spectrum (KBr wafer) of the sample vas
compatible with the compounds structure and identical to the reported
spectrum.-/

2. Nuclear Mannetic Resonance: The *M spectrum (solvent CDCl 3)
of the sample was compatible with the compound's structure and identical to
the reported spectrum.-/

3. Ultraviolet: The sample in cyclohexane exh~bited the same

17,400 was observed. Our previous Lot 2,4-DNT-l iea 33o 190

1/ Handbook of Chemistry and Physics, 50th edition, p. C-518.

2/ Sadtler Standard Spectra. Infrared No. 175.
3/ Sadtler Standard Spectra. NMR No. 3229.
4/ Sadtler Standard Spectra. UV No. 2550.
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A~s axII. Asa

A. Elemental Analysis

Elment C N fl1
% calculated 46.11 3.30 15.37

%, observed 46.08 3.33 15.33

B. Thin-Laler Chromatography

1. Plate: Brinkmann silica &e* F

2. Solvent System: Ethyl acetate/petroleum ether (15:85)

3. Material Spotted: 100 PS Lot 2,4-DNT-3
10 pg 2,3-dinitrotoluene
10 p&g 2,6-dinitrotoluene

10 js 3,4-dinitrotoluene
10 pg 3,5-dinitratolueme

10 Pg 2,4-dinitrotoluene

4. Detection: UV (254 nm)

5. Results,: Lot 2,4-DNT-3 showed a major spot at Rf 0.60 and
a trace spot at the R2 of 2,6-DNT.

C. Gas Chromatography

The sample was studied using the following system:

Gas chromatoeraph: Bendix 2500

Detect.or: Flame ionization

Column: 6 ft x 1/4 in. glass
1.5% DC LSX-3-0295
1.5% GE XE-60
on Gas chrom Q

Injector T : 170"

Column T*: 1500

Detector T*: 2001 1
Flow rate: 50 cc N2 /min
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This work indicates 2,6-dinitrotoluene to be present in a
concentration of 1.3%7

MI. Conclusi£ons

Lot 2,4-DNT-3 contains 2,,-dinitrotolue:e in a purity of 98.5 +

0.5% and 1.5 4 0.57. 2,6-dnitrotoluene.

HIDWEST RESPARCHIi NSTITUTE !

Bernadeotte Chipko
Assistant Chemist

Approved:

Danny 0. Helton
Associate Chemist
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MIDWEST RESEARCH INSTITUTE
Contract No. DAMD17-74-C-4073

September 16, 1975

Data on: 2,4-Dinitrotoluene H33

Submitted by: Harry Ellis, III 
N02

012

Supplier: K & K Laboratories
Lot No.: 2,4-DNT-4

I. Identity

A. Capillary Melting Point

Observed - 69-71
Repoztedi/ - 71-

B. Spectra

1. Infrared: The IR spectrum (KBr wafer) of the sample was

compatible with the compounds structure and identical to the reported

spectrum.2/

2. Nuclear magnetic resonance: The NMR spectrum (solvent CDC13)

of the sample was compatible with the compound's structure and identical

to the reported spectrum.

3. Ultraviolet: The sample in cyclohexane exh bited the same
absorption maximum (233 nm) as in the reported spectrum.-/

IT. Assay

Element c H N 0

% calculated 46.11 3.30 15.37 35.22

% Observed 46.30 3.46 15.46 35.03

1/ Handbook of Chemistry and Physics, 50th edition, p. C-518.
2/ Sadtler Standard Spectra, Infrared No. 175.

3/ Sadtler Standard Spectra, NMR No. 3229.

4/ Sadtler Statdard Spectra, UV No. 2550. n
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B. Thin-Layer Chromatography

1. Plate: Brinkmann silica gel NIF

2. solvent system: Ethyl acetate/petroleum ether (15t85)

3. Materialaspotted: 100 pg8 Lot 2,4-DNT-1
10 p6 2,3-dinitrotoluenes
10 pg 2,6-dinitrotoluene
10 1S 3,4-dinitrotoluene
10 pg 3,5-dinitrotoluene

4. Detection: 5% diphenylamine in ethanol spray

5. lssults: Lot 2,4-DNT-1 uoved as single spot with a uf 0.224

C. Gas Chr.matograohX

The sample was studied using the following system:

Gas chromatograph: Bendix 2500

Detector: Flame ionization

Column: 6 ft x 1/8 in. glass
1.5% DC LSX-3-0295
1..5% GE )M-60 on gas chrom Q

injector T*: 150'

Column T°.: 150'

Detector T*: 2200

Flow rate: 50 cc N2 /min
Results: Thisa work indicated 2,6-diLnitrotoluene as an Imnpurity "

in a concentration of 2.27..
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II. Conclusi.ons

Lot 2,4-DNT-4 contains 97.8%. 2,4-dinitrotoluene and 2.2%
2,6 dinitrotoluen.. V

HIMWST RESEARCH INSTITUTE I

Bernadette Chipko
Assistant Chemist

Mike Harris
Assistant Chemist

Approved:

Dany 0. Halton
Senior Chemist
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